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The  reports  contained  in  this  document  were  prepared  jointly  by  Conoco 
Coal  Development  Company  and  Stearns-Roger,  Incorporated,  as  partial 
fulfillment  of  the  Department  of  Energy  contract  (EX-76-C-01-1734)  for 
the  development  of  CO  Acceptor  Gasification  Process.   Each  report 
normally  covers  the  operation  of  the  C0?  Acceptor  Process  Pilot  Plant 
for  a  single  run.   Some  runs,  however,  Rave  several  parts  (A,  B,  C, 
etc.)  and  occasionally  two  or  more  runs  have  been  grouped  together  in  a 
single  report. 

The  reports  are  informal  data  reports  which  were  written  shortly  after 
the  completion  of  the  respective  runs.   The  reports  serve  the  purpose  of 
recording  the  objectives,  accomplishments,  and  problems  encountered 
during  the  pilot  plant  operations.  Operating  data  are  also  often  pre- 
sented.  However,  these  data  are,  for  the  most  part,  presented  as  a 
matter  of  record  since  the  inclusion  of  heat  and  material  balances  and 
the  analysis  of  the  data  was  not  part  of  the  scope  of  the  run  reports. 

Prior  to  Run  16,  no  periods  of  truly  steady-state  integrated  plant 
operation  were  obtained  for  which  heat  and  material  balances  can  be  cal- 
culated. The  development  of  a  reliable,  standardized  startup  procedure, 
the  solving  of  process  and  especially  mechanical  equipment  problems, 
were  the  primary  concerns  during  these  early  runs. 

Much  needed  process  data  at  steady-state  conditions  were  gathered  during 
the  later  runs.  Detailed  heat  and  material  balances  for  selected  runs 
are  presented  in  Volume  12  of  the  Final  Report.  Some  discrepancies  will 
be  found  between  the  data  presented  in  the  run  reports  and  the  heat  and 
material  balance  results.   For  example,  the  acceptor  circulation  and 
gasifier  vent  rate  presented  in  many  of  the  run  reports  do  not  agree 
with  the  heat  and  material  balance  values. 

The  run  report  acceptor  circulation  rates  are  based  upon  the  acceptor 
lift  line  pressure  drop  and  are  considered  to  be  only  an  approximation 
of  the  actual  acceptor  circulation  rate.  The  pressure  drop  derived  cir- 
culation rate  served  as  a  guide  to  the  plant  operators  and  provided 
trend  information.   Because  of  the  severe  temperature  and  pressure 
conditions  in  the  process,  the  acceptor  circulation  and  also  the  fuel 
char  rates  cannot  be  directly  measured.  These  rates  can  only  be  ac- 
curately determined  via  detailed  heat  and  material  balance  calculations. 
A  mathematical  model  of  the  process,  which  is  embodied  in  the  form  of  a 
computer  program  was  therefore  developed.  The  model  values  for  the 
acceptor  circulation  and  the  fuel  char  rates  are  presented  in  the  de- 
tailed heat  and  material  balances.  These  rates  are  considered  to  be 
correct. 
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The  measured  gasifier  vent  rates  (product  gas  rates)  contained  in  the 
run  reports  are  generally  lower,  and  often  much  lower,  than  the  mathe- 
matical model  values.   There  are  several  reasons  for  this.   First,  pro- 
cess flow  measuring  instrumentation  was  often  fouled  by  the  small  amounts 
of  char  fines  and  liquid  water  contained  in  the  vent  gases.   Secondly, 
undetected  process  leaks  from  valve  packings  and  from  vessel  and  piping 
flanges  represent  sizable  losses  in  the  available  vent  gas  quantity  to 
be  measured.  The  actual  vent  gas  from  the  gasifier  is  better  repre- 
sented by  the  mathematical  model  value  than  by  the  measured  value. 

The  above  examples  point  out  that  consideration  must  be  given  and  judge- 
ments made  concerning  the  use  of  certain  process  data.   The  philosophy 
with  respect  to  data  analysis,  has  been  to  use  the  mathematical  model  to 
match  as  much  as  possible  the  measured  process  data.   Differences  be- 
tween the  model  results  and  the  measured  data  are  resolved  by  the  re- 
examination of  instrument  records  and  the  pilot  plant  logs  or  by  mod- 
ifying the  model  where  necessary. 
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CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 


SUMMARY 


Run  43  was  conducted  in  two  parts  and  was  an  attempt  to  operate 
the  regenerator  under  a  variety  of  conditions.   The  feedstocks  for  the  run 
were  Velva  lignite  and  Minnekahta  limestone.   The  objective  of  the  run  was 
to  demonstrate  regenerator  operation  under  reducing,  neutral,  and  oxidiz- 
ing conditions. 

The  first  run,  Run  43A  (March  1  to  March  11,  1977),  ended  as  a  result 

of  an  electrical  power  failure  during  a  storm.   The  second  run,  Run  43B 

(March  28  to  April  10,  1977),  ended  when  acceptor  transfer  from  the  regen- 
erator to  the  gasifier  was  lost. 

Neither  run  produced  truly  steady-state  conditions.   However,  both 
runs  further  demonstrated  that  air  alone  could  be  used  to  transfer  recarbo- 
nated  acceptor  from  the  gasifier  to  the  regenerator  and  to  fluidize  the 
regenerator  acceptor  inventory.   The  Elliott  test  turbine  stand  was  put 
in  operation  during  both  runs. 


2   TEST  DATA 

Runs  43A  and  43B  data  are  presented  graphically  and/or  tabularly 
at  the  end  of  this  run  report.  These  figures  and  tables  include: 
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Figure  43-1.  Calcined  Acceptor  Standleg  (During  Run  43A)  21 

Figure  43-2.   Calcined  Acceptor  Standleg  (After  Run  43A) 22 

Figure  43-3.  Packed  Tube  Reactor  Temperature  Profiles  Thermocouple  ....  23 
No.  3,  1700  HRS  3/8/77;  Thermocouple  No.  7,  1725  HRS 
3/8/77,  Run  43A 

Figure  43-4.   Packed  Tube  Reactor  Temperature  Profiles  2150  HRS  24 

3/9/77,  0600  HRS  3/10/77  and  1100  HRS  3/30/77,  Run  43A 

Table  43-1.  Gasifier  Data,  Run  43A  (2  sheets) 25 

Table  43-2.  Gasifier  Data,  Run  43B  (2  sheets) 27 

Table  43-3.  Regenerator  Data,  Run  43A  (2  sheets) 29 

Table  43-4.  Regenerator  Data,  Run  43B  (2  sheets) 31 

Table  43-5.  Feedstock  Composites  33 

Table  43-6.  Circulated  Acceptor,  Calcined,  Run  43A  34 

Table  43-7.  Circulated  Acceptor,  Recarbonated,  Run  43A  35 

Table  43-8.  Circulated  Acceptor,  Calcined,  Run  43B  (2  sheets) 36 

Table  43-9.  Circulated  Acceptor,  Recarbonated,  Run  43B  38 

(2  sheets) 

Table  43-10.  Purged  Acceptor,  Run  43A 40 

Table  43-11.  Purged  Acceptor,  Run  43B 41 

Table  43-12.  Gasifier  Char  Bed  Material,  Run  43A  (3  sheets) 42 

Table  43-13.  Gasifier  Char  Bed  Material,  Run  43B  (3  sheets) 45 

Table  43-14.  Ash  and  Attrited  Acceptor,  Run  43A 48 

Table  43-15.  Ash  and  Attrited  Acceptor,  Run  43B 49 

Table  43-16.  Gasifier  Cyclone  Char,  Run  43A 50 

Table  43-17.  Gasifier  Cyclone  Char,  Run  43B 51 

Table  43-18.  Gasifier  Quench  Tower  Solids,  Run  43A  52 

Table  43-19.  Gasifier  Quench  Tower  Solids,  Run  43B  53 

Table  43-20.  Analyses  of  Deposit  Removed  from  Below  Calcined  54 

Acceptor  Flow  Control  Valve,  TCV-2030 

Table  43-21.  Methanation  Unit  Operating  Conditions,  Run  43A 55 

(2  sheets) 

Table  43-22.  Methanator  Temperature  Profiles,  Run  43A 57 


3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    TABULAR  HISTORY  OF  RUNS  43A  AND  43B 

3.1.1  Objectives 

The  goals  for  each  run  were: 

(1)  To  achieve  stable  regenerator  operation  for  three  different  modes 
of  operation. 

(2)  To  operate  the  methanation  unit. 

(3)  To  operate  the  Elliott  turbine  blade  test  stand. 

(4)  To  operate  the  pilot  plant  using  air  alone  to: 

(a)  Lift  recarbonated  acceptor  to  the  regenerator. 

(b)  To  fluidize  the  regenerator  acceptor  bed. 

3.1.2  Accomplishments 
Run  43A 

(1)  The  plant  operated  in  an  integrated  manner  long  enough  to 
allow  change-out  of  the  dead-burned  dolomite  with  fresh 
limestone  and  the  removal  of  all  air  and  recycle  gas  flow 
to  the  gasifier. 

(2)  The  methanation  unit  was  operated  for  a  total  of  66  hours, 

(3)  Regenerator  flue  gases  were  passed  through  the  Elliott 
test  stand  for  a  total  of  24.5  hours. 

Run  43B 

(1)  The  plant  operated  a  sufficient  length  of  time  to  allow 
the  removal  of  the  air  from  the  gasifier. 

(2)  The  Elliott  turbine  blade  test  stand  was  operated  for  a 
total  of  70  hours. 

(3)  Air  alone  for  a  total  of  68  hours  was  used  to  fluidize 
the  regenerator  and  to  transport  recarbonated  acceptor  to 
the  regenerator. 


3.1.3  Termination  Causes 
Run  43A 

Run  43A  ended  due  to  a  storm-caused  electrical  power  failure. 

Run  45B 

Run  43B  ended  due  to  the  loss  of  acceptor  circulation  through  the 
calcined  acceptor  flow  control  valve.  A  scale  deposit  formed  on 
the  inside  of  the  calcined  acceptor  standleg.  A  portion  of  this 
deposit  broke  away  from  the  line  and  lodged  on  a  similar  deposit 
which  had  formed  beneath  the  acceptor  flow  control  valve.  The 
two  deposits  totally  blocked  the  solids  transfer  through  the  line. 

3.1.4  Mechanical  Problems 
Run  43A 

(1)  The  gasifier  boot  steam  flow  control  valve  stuck  momentarily 
during  the  run.  This  caused  a  char-acceptor  interface  up- 
set and  the  loss  of  the  fuel  char  transfer  from  the  gasi- 
fier to  the  regenerator.  The  pilot  plant  operation  was 
quickly  recovered  and  the  run  continued.   During  the  Run 
43A  shutdown,  the  control  valve  was  repaired. 

(2)  After  the  run,  the  pinched  area  in  the  calcined  acceptor 
standleg  (see  Figure  43-1)  had  become  more  distorted. 

From  30  to  40  percent  of  the  solids  flow  area  had  been  restricted, 
Since  the  pinched  area  was  directly  across  from  the  annulus 
pressurization  nozzle,  cold  purge  gas  impingement  probably 
caused  one  side  of  the  liner,  which  operates  at  1800°  to 
1850°F,  to  cool  and  distort. 

To  improve  the  acceptor  transfer  and  to  eliminate  the  re- 
stricted area,  the  26-foot-9-3/4-inch  section  of  the  cal- 
cined acceptor  standleg  was  replaced  with  2  spool  sections 
(see  Figure  43-2)  prior  to  Run  43B.  As  shown  in  Figure 
43-2,  the  single  tapered  internal  slip  joint  was  replaced 
with  a  sleeve  at  the  bottom  end  of  each  spool  piece.  The 
sleeves  provide  a  loose  fit  which  supports  the  internal 
liner  and  allows  the  liner  to  grow  freely  in  the  axial 
direction.  Additional  flow  capacity  was  provided  by  in- 
creasing the  flapper  size  of  the  calcined  acceptor  stand- 
leg  flow  control  valve,  TCV-2030,  from  4  inches  to  5  inches 
and  the  calcined  acceptor  sample  spool  piece  was  recon- 
structed to  provide  a  taper  with  a  6-inch  ID  inlet  and  a 
5-inch  ID  outlet.  No  problems  were  experienced  due  to 
the  modifications  of  the  calcined  acceptor  standleg  during 
Run  43B. 


(3)     During  the  Run  43A  shutdown,  inspection  of  the  acceptor 
lift  line  revealed  that  many  of  the  cylindrical  Mullfrax 
liners  in  the  bottom  three  spool  sections  contained 
longitudinal  cracks.   The  cracked  cylinders  usually  had 
2  cracks  which  were  180  degrees  apart  and  which  extended 
down  the  entire  length  of  a  cylinder.   Some  of  the  cracks 
were  1/4-inch  wide.   The  cracks  apparently  developed 
during  Run  42.   The  most  probably  cause  was  the  sudden 
pressuring  of  the  lift  line  during  the  Run  42  shutdown 
which  may  have  produced  a  50  PSI  differential  pressure 
between  the  inside  of  the  Mullfrax  liner  and  the  outside 
pressuring  containing  carbon  steel  shell.  Fiberfrax 
material  is  used  between  the  Mullfrax  liners  and  the 
carbon  steel  shell.   The  Fiberfrax  material  is  a  good 
insulator,  but  it  does  not  provide  much  structural  strength, 
Therefore,  a  moderate  differential  pressure  across  the 
Mullfrax  places  the  Mullfrax  cylinders  in  tension  and 
causes  the  brittle  material  to  crack.  The  cracked  sec- 
tions were  repaired  by  replacing  several  end  Mullfrax 
liners  and  by  forcing  a  slurry  mixture  of  Resco  AA-22 
refractory  into  the  cracks. 

Run  43B 

(1)  The  pins  which  attached  the  new  5-inch  flapper  to  the 
shaft  of  the  calcined  acceptor  butterfly  valve  sheared 
during  a  startup  attempt.  The  valve  was  removed,  repaired, 
and  the  flapper  was  welded  to  the  shaft. 

(2)  The  boot  interface  level  control  valve  operated  poorly 
throughout  the  run.  There  are  two  possible  causes  for 
valve  malfunctioning.   First,  the  valve  was  inspected 
after  the  run,  and  solids  were  found  to  have  worked  into 
the  area  between  the  shaft  and  the  packing.  This  could 
have  caused  the  valve  to  periodically  stick  or  seize. 
Second,  a  2  X  3  X  6-inch  piece  of  refractory  was  found 
in  the  line  just  ahead  of  the  valve.  The  refractory  was 
from  the  area  around  the  fuel  char  withdrawal  pipe  in  the 
gasifier.  The  presence  of  the  refractory  in  the  recarbo- 
nated  acceptor  standleg  could  easily  have  upset  the  opera- 
tion of  the  level  control  valve,  particularly  if  the  re- 
fractory flapped  back  and  forth  in  the  line. 

(3)  Many  minor  problems  occurred  in  the  lignite  grinding 
area.  The  combined  effect  of  these  problems  eventually 
forced  the  pilot  plant  into  a  hold  condition  which  lasted 
approximately  30  hours  to  conserve  the  ground  lignite  in- 
ventory.  Melting  snow  had  caused  the  raw  lignite  feed  to 


(4) 


be  waterlogged.   The  wet  coal  was  much  more  difficult 
to  transport,  grind,  and  dry  than  the  normal  feedstock. 
The  lignite  dryer  furnace  shut  down  and  could  not  be  relit 
due  to  a  sticking  high  temperature  alarm.   This  was  the  re- 
sult of  the  severe  load  placed  on  the  furnace  by  the  wet 
coal.   Shortly  afterwards  the  belt  drive  for  the  star  valve 
which  feeds  the  grinding  mill  broke  and  had  to  be  replaced. 
A  bracket  on  the  variable  speed  drive  to  the  star  valve 
also  broke.   A  high  pressure  drop  across  the  lignite  vent 
gas  baghouse  developed  and  forced  the  grinding  section  to 
be  shut  down  to  allow  for  bag  replacement. 

The  methanation  section  could  not  be  operated  during 
Run  43B.   Leaking  tubes  were  discovered  in  the  air  cooler 
which  condensed  Dowtherm  vapor  from  the  Dowtherm  expansion 
tank. 


3.1.5  Process  Problems 

The  only  process  problem  occurred  during  both  runs.   A  soft  carbo- 
nate scale  formed  in  the  calcined  acceptor  standleg.   The  breakup  of  this 
scale  caused  numerous  upsets  to  the  calcined  acceptor  flow  from  the  regen- 
erator to  the  gasifier  during  Run  43A,  and  it  caused  the  termination  of 
Run  43B. 

3.2    CHRONOLOGY  OF  OPERATIONS 

3.2.1  Run  43A 


Hours 

Date 

Time 

Run 

3/1 

1540 

-117.: 

it 

1620 

ii 

2100 

3/2 

0040 

it 

0315 

it 

0415 

it 

0800 

-100. < 

"  1800 

3/3  0100 

"  0600     -78.9 

"  1130 


Description 

Pressuring  the  system  with  air. 
Lit  the  pilots  on  the  process  heaters. 
Initiated  the  static  pressure  test. 
Finished  the  static  pressure  test. 
Started  the  process  recycle  gas  compressors 
Began  increasing  the  temperatures  of  the 
System  at  250  F,  entered  the  refractory 
cure  holding  period. 

Finished  the  refractory  cure  holding  period 
and  increasing  the  temperature  of  the  gas 
heaters . 

System  at  600  F,  started  the  second  re- 
fractory cure  holding  period. 
Finished  the  refractory  cure  holding 
period,  increasing  the  temperatures  of  the 
gas  heaters. 

Began  the  heater  differential  pressure 
test. 


Hours 

Date 

Time 

Run 

3/3 

1300 

it 

1944 

it 

2010 

it 

2100 

3/4  0035 

"  0515 

"  0700  -53.9 

"  0845 

"  1600 


II 

1605 

tl 

1650 

II 

2030 

II 

2035 

II 

2225 

3/5 

1200 

ii 

1300 

ii 

1445 

ii 

1734 

ii 

2040 

it 

2105 

it 

2215 

ii 

2400 

3/6 

0145 

•24.9 


Description 

Finished  the  heater  differential  pressure 
tests. 

Started  filling  the  gasifier  with  dead- 
burned  dolomite  via  F-204A,  fresh  lignite 
feed  lockhopper. 

Began  grinding  lignite  for  the  preheater. 
B-205,  acceptor  lift  gas  heater,  shut  down 
with  a  high  tube  temperature,  the  thermo- 
couple was  wrong  and  was  deactivated. 
Started  filling  the  regenerator  with  dead- 
burned  dolomite  via  F-206,  fresh  acceptor 
feed  lockhopper. 

Using  the  bypass  on  L-204,  fresh  acceptor 
feeder  in  order  to  fill  the  regenerator. 
Having  trouble  establishing  overhead  acceptor 
circulation. 

Unable  to  establish  acceptor  circulation, 
initiated  the  shutdown  procedure  to  check 
the  transfer  line,  CD-206. 
System  depressured. 

NOTE:  A  4  X  4  X  1-inch  piece  of  line  scale 
was  found  on  top  of  TCV-2030  valve.  The 
scale  was  missed  during  the  line  cleanout 
following  Run  42. 

Stopped  grinding  lignite  for  the  preheater. 
Started  grinding  char  to  tote  bins. 
Started  pressuring  up  the  system  with  air. 
Shut  down  the  100  area. 
Started  the  recycle  compressors  and  lit 
the  process  gas  heaters. 
Started  the  heater  differential  pressure 
tests. 

Finished  the  heater  differential  pressure 
tests. 

Began  feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A. 

Began  feeding  dead-burned  dolomite  to  the 
regenerator  via  F-206. 

Established  overhead  acceptor  circulation. 
Zinc  oxide  towers  placed  on  line. 
Initiated  the  acceptor  circulation  tests. 
Finished  the  acceptor  circulation  tests  and 
started  the  lift  line  flow  tests. 
Completed  the  lift  line  flow  tests.   Began 
special  regenerator  level  overhead  circula- 
tion tests. 


Hours 
Date   Time     Run 


3/6 


0210 


M 

0255 

M 

0310 

tl 

0338 

II 

0620 

II 

0930 

II 

1020 

II 

1155 

II 

1255 

II 

1425 

II 

1756 

II 

1825 

It 

2140 

n 

0200 

ii 

0210 

it 

1400 

it 

2115 

it 

2400 

/8 

1330 

3/9    0515 
"     0700 


25.1 


48.61 


0720 
0800 


0828 
1150 
1500      74.1 


Description 

Finished  the  special  test.   Started  the 
gasifier  boot  flow  tests. 
Finished  the  gasifier  boot  flow  tests. 
Initiated  steam  flow  to  the  gasifier  side. 
Began  char  feed  to  the  gasifier  via  F-204A. 
Initiated  air  flow  to  the  gasifier  side. 
Began  grinding  lignite  for  the  preheater. 
Initiated  steam  flow  to  the  gasifier  boot. 
Established  char  transfer. 
Regenerator  at  1800°F. 

Began  feeding  auxiliary  fuel  to  the  regen- 
erator. 

Started  feeding  Velva  lignite  to  the  system 
via  F-204A. 

Started  feeding  fresh  limestone  to  the 
system  via  F-206. 

Initiated  the  air-recycle-steam  flow  change 
procedure  for  the  gasifier  flows. 
Lost  char  transfer  through  LCV-2002. 
Regained  char  transfer. 

All  air  removed  from  the  gasifier  side  flow. 
Initiated  raw  gas  flow  through  the  methanation 
unit. 

All  recycle  gas  flow  out  of  the  gasifier 
boot. 

Slowly  losing  acceptor  circulation  through 
TCV-2030.  Having  to  lower  the  differential 
pressure  between  the  vessels  and  stroke 
TCV-2030. 

Stopped  grinding  Velva  lignite  in  order 
to  replace  the  baghouse  bags. 
F-228,  acceptor  withdrawal  lockhopper,  plugged, 
While  removing  the  plug,  the  system  pressure 
was  upset  which  caused  the  loss  of  char 
transfer. 

Char  transfer  regained. 

Began  cutting  back  on  lignite  feed  to  the 
gasifier  in  order  to  conserve  Velva  lignite 
while  the  100  area  is  being  worked  on  by 
maintenance. 

Initiated  air  flow  to  the  gasifier  side  and 
recycle  gas  to  the  gasifier  boot  flow. 
One  hundred  area  repaired,  resumed  grinding 
Velva  lignite  for  the  preheater. 
Removed  the  air  flow  to  the  gasifier  side. 
Placed  the  Elliott  turbine  blade  test  stand 
on  line. 


Hours 

Date 

Time 

Run 

3/9 

1914 

ii 
n 

2040 
2145 

3/10   0100 


"     1220 


1400 


1415 
1500 
1700-1930 


2025 


II 
II 

2040 
2100 

3/11 

0100-1100 

ii 

1200 

3/12 

2015 
0030 

ii 

0830 

3.2.2 

!  Run  43B 

3/28 

ii 

it 

2135 
2210 
2330 

97.1 


127.3 


178.9 


Description 

All  recycle  gas  out  of  the  gasifier  boot 
boot  flow. 

Momentarily  lost  char  transfer  and  auxiliary 
fuel  feed. 

Experiencing  trouble  maintaining  acceptor 
circulation.   Having  to  use  a  large  purge  on 
dPRC-2026  in  order  to  maintain  the  present 
circulation  rate. 

Flow  of  acceptor  through  TCV-2030  erratic. 
Having  to  stroke  the  valve  every  few  minutes 
in  order  to  maintain  circulation. 
Stopped  overhead  acceptor  circulation  in  order 
to  pull  a  S-9  sample.  Having  trouble  getting 
acceptor  circulation  back  to  the  same  rate. 
Experienced  a  system  upset  when  the  steam 
flow  to  the  gasifier  boot  surged.   Lost 
overhead  circulation.   Stopped  grinding 
lignite  for  the  preheater. 
Removed  raw  gas  from  the  methanation  unit. 
System  slowly  returning  to  normal. 
Experienced  trouble  maintaining  acceptor 
circulation,  running  the  fresh  acceptor 
feeder  at  4.5  RPM  in  order  to  maintain 
regenerator  bed  level.   Resumed  grinding 
lignite  for  the  preheater. 
Experienced  another  upset  due  to  the 
gasifier  boot  steam  surging.  Lost  over- 
head circulation. 
Established  overhead  circulation. 
After  some  trouble,  finally  established 
char  transfer  which  has  been  out  since 
1400  hours. 

Experiencing  commercial  power  dips  due 
to  a  storm. 

Resumed  raw  gas  flow  through  the  methana- 
tion unit. 

Plant  shut  down  due  to  total  power  failure. 
Power  back  on.   Began  emptying  vessels  of 
material . 
Depressuring  the  unit  for  maintenance. 


Started  pressuring  up  the  system. 
Depressuring  the  system  to  repair  a  leak, 
Pressuring  up  the  system. 
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Hours 

Date 

Time 

Run 

3/29 

0150 

M 

0210 

M 

0545 

II 

0555 

II 

1000 

II 

1600 

II 

3/30 

2400 
0300 

it 
3/31 

0400 
0535 

it 

0900 

-119. E 

ii 

1015 

it 

1235 

it 

1530 

4/1 


1600 

1640 
2200 

0920 


1235 


1600 
1830 

1920 


•95.2 


II 

2115 

II 

2140 

/2 

0120 

ii 

0223 

0315 


Description 

Started  the  static  pressure  test. 
Finished  the  static  pressure  test. 
Started  the  recycle  gas  compressors. 
Lit  the  process  heaters. 
Started  the  250°F  refractory  cure  holding 
period. 

Finished  the  250°F  holding  period. 
Started  the  600°F  refractory  cure  holding 
period. 

Finished  the  600°F  holding  period.  Started 
the  heater  differential  pressure  test. 
Finished  the  heater  differential  pressure 
test. 

Started  grinding  Velva  lignite  for  the 
preheater. 

Shutting  the  process  heaters  down  for 
maintenance  work. 

Stopped  grinding  Velva  lignite  for  main- 
tenance work. 

All  process  heaters  shut  down. 
Maintenance  work  in  100  area  finished, 
started  grinding  char  to  the  tote  bins. 
Maintenance  work  on  process  heaters  com- 
pleted, lit  off  heater  pilots. 
Bringing  heaters  up  to  operating  temperature, 
Stopped  grinding  char  and  started  grinding 
Velva  lignite  for  the  preheater. 
Started  feeding  dead-burned  dolomite  to 
the  gasifier  via  F-204A,  fresh  lignite  feed 
lockhopper. 

Feeding  dead-burned  dolomite  to  the  regen- 
erator via  F-206,  fresh  acceptor  makeup 
feed  lockhopper. 

Initiated  dead-burned  dolomite  circulation. 
Stopped  grinding  Velva  lignite  because 
preheater  full. 

Stopped  solids  circulation  for  gas  flow 
tests. 

Finished  the  gas  flow  tests. 
Resumed  solids  circulation  and  began 
solids  circulation  tests. 
Finished  the  solids  circulation  tests. 
Began  feeding  char  to  the  gasifier  via 
F-204A. 

Stopped  solids  circulation  to  set  the 
gasifier  interface. 
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Date   Time 

4/2 
it 


Hours 
Run 

0325 
1120 


1235 


II 

1255 

II 

1620 

II 

1635 

1650 


2135 


II 

2215 

II 

2220 

II 

2330 

4/3 

0010 

0015 


II 

0845 

II 

1650 

II 

1715 

II 

1940 

II 

2200 

II 

2300 

/4 

0615 

0855 


1220 
1605 

1645 

1935 
2125 


Description 

Resumed  solids  circulation. 
Removed  all  air  from  system  and  shut 
down  J -202,  main  air  compressor,  for  re- 
pair of  third  stage  shaft  seal. 

-67.9    J-202  repaired,  reintroduced  air  to  the 
system. 

Introduced  air  to  the  gasifier  side  flow. 
Established  char  transfer. 
Experienced  an  upset  in  the  regenerator. 
NOTE:   Acceptor  went  overhead  plugging 
cyclones  and  quench  tower.  Char  transfer 
was  stopped  and  the  regenerator  bed 
slumped. 

Regenerator  bed  fluidized,  char  transfer 
established  and  system  lining  out. 
Introduced  steam  to  the  gasifier  boot 
flow. 

Grinding  char  to  tote  bins. 
Regenerator  at  1800°F. 

Grinding  Velva  lignite  for  the  preheater. 
TCV-2030,  overhead  acceptor  circulation 
control  valve,  uncontrollable.   Lost  the 
seal  on  the  transfer  line,  CD-206. 
Stopped  grinding  Velva  lignite  for  the 
preheater. 

-47.8    Depressuring  the  system. 

Grinding  Velva  lignite  to  the  preheater. 
Began  grinding  char  to  tote  bins. 
Maintenance  repaired  TCV-2030,  pressuring 
up  the  system  again. 
Stopped  grinding  char  for  maintenance. 
Started  the  recycle  gas  compressors. 
Began  feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A. 

-23.6    Placing  the  system  on  hold  in  order  to  re- 
pair a  block  valve  on  the  recycle  gas  line, 
Dumped  dead-burned  dolomite  from  the 
gasifier  to  F-213,  gasifier  dump  lock- 
hopper. 

Maintenance  repair  work  completed. 
Began  filling  the  gasifier  with  dead- 
burned  dolomite  via  F-204A. 
Began  feeding  dead-burned  dolomite  to  the 
regenerator  via  F-206. 
Started  solids  circulation. 
Started  feeding  char  to  the  gasifier  via 
F-204A. 
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Hours 

Date 

Time    Run 

4/5 

0100 

it 

0215 

it 

0305 

it 

0610 

it 

0730 

it 

0830      0 

it 

1255 

it 

1345 

it 

1530 

ii 

1545 

it 

2100 

4/6 

0445-1317 

4/7 
it 


4/8 


2300     38.5 

0045 
0120 


0200 

0315 

0322 

0725     46.9 

1120 

2400 

0800     71.5 
1300 
1330 
1517-1955 
1640 


Description 

Introduced  air  to  the  gasifier  side  flow. 
Grinding  lignite  for  the  preheater. 
Introduced  steam  to  the  gasifier  boot 
flow. 

Initiated  char  transfer. 
Began  feeding  auxiliary  fuel  to  the 
regenerator. 
Regenerator  at  1800°F. 

Initiated  lignite  feed  to  the  gasifier  via 
F-204A. 

Stopped  grinding  Velva  lignite  for  the 
preheater. 

Began  feeding  fresh  limestone  to  the 
regenerator  via  F-206. 

Introduced  CO2  to  the  gasifier  boot  flow. 
Resumed  grinding  lignite  for  the  preheater. 
Experienced  trouble  with  maintaining  char 
transfer  to  the  regenerator. 
Lost  the  dryer  furnace,  L-109-B1,  and  had 
to  stop  grinding  Velva  lignite. 
Maintenance  repaired  the  dryer  furnace. 
Unable  to  grind  lignite  due  to  a  broken 
belt  on  the  vari-speed  feeder,  L-109-L3.  All 
air  removed  from  the  gasifier  side  flow. 
Resumed  grinding  in  the  100  area. 
NOTE:  Vari-speed  feeder  still  not  operating 
properly.   Lignite  grinding  very  slow. 
Started  product  gas  flow  to  the  front  end 
of  the  methanation  unit. 

Reducing  Velva  lignite  feed  for  the  gasifier 
due  to  problems  in  the  100  area. 
Lost  char  transfer,  not  restarting  it  due  to 
problems  in  the  100  area. 
Removed  the  product  gas  flow  to  .the 
methanation  unit  due  to  a  leak  on  C-406,  con- 
denser unit. 

Lost  and  regained  char  transfer  several 
times. 

Stopped  grinding  Velva  lignite  for  main- 
tenance work. 

Experienced  an  upset  in  the  gasifier 
boot. 

Stopped  char  transfer  in  order  to  rebuild 
the  gasifier  bed  level. 
Reestablished  and  lost  char  transfer 
several  times. 

Maintenance  repaired  the  100  area.  Grinding 
Velva  lignite  for  the  jveheater  again. 
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Hours 
Date     Time    Run  Description 

4/9      0600     93.5    Regenerator  level  low  due  to  holdup  in 

the  gasifier.  Acceptor  circulation  very 

slow.   Had  to  stop  lignite  feed  due  to 

low  temperatures  in  the  gasifier.   Lost 

char  transfer. 
M      0737  Gasifier  temperature  improving,  resumed 

feeding  lignite. 
"      1030  Reestablished  char  transfer. 

"       1745  Lost  overhead  acceptor  circulation  and 

fuel  char  transfer. 
"      1830  Regained  acceptor  circulation  and  fuel 

char  transfer. 
"      1845  Lost  overhead  acceptor  circulation  and 

fuel  char  transfer. 
"      1900  Regained  acceptor  circulation  at  a  low 

rate.   Introduced  air  to  the  gasifier 

side  flow. 

Lost  the  overhead  acceptor  circulation. 

Regained  acceptor  circulation. 
112.5    Lost  overhead  acceptor  circulation.   Stopped 

grinding  Velva  lignite  for  the  preheater. 

Initiated  plant  shutdown  procedures. 

System  depressured. 


II 

2130 

It 

2220 

/10 

0100 

II 

0200 

II 

1000 
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RESULTS  AND  DISCUSSION 


4.1    BACKGROUND 

Run  43  was  an  attempt  to  run  the  regenerator  at  neutral  and  oxidiz- 
ing conditions.  The  regenerator  had  been  operated  under  reducing  condi- 
tions with  from  1  to  5  mole  percent  CO  in  the  flue  gases  during  all 
previous  pilot  plant  runs.  This  was  done  based  upon  early  bench-scale 
unit  operating  experience  which  required  reducing  conditions  to  prevent 
the  formation  of  regenerator  deposits.  The  formation  of  regenerator  de- 
posits is  due  to  the  following  reaction: 

1/4  CaS  +  3/4  CaS04  =  CaO  +  SO  *  (1) 

When  reaction  (1)  takes  place,  a  liquid  (transient  liquid)  is 
momentarily  formed  which  can  cement  acceptor  fines  and  char  ash  together. 
Oxidation  of  the  CaS  which  enters  the  regenerator  in  the  acceptor  and  the 
fuel  char  ash  is  largely  prevented  by  reducing  conditions.  Therefore, 
relatively  little  CaS04  is  available  to  react  with  CaS  to  produce 
deposits. 

Run  43  was  an  attempt  to  determine  if  the  experience  with  bench- 
scale  equipment  was  totally  applicable  to  the  operation  of  the  pilot  plant 
scale  equipment.   It  was  hoped  that  perhaps  conditions  in  the  pilot  plant 
equipment  would  be  different  enough  to  allow  the  regenerator  to  be  operated 
under  neutral  and/or  oxidizing  conditions.   If  this  could  be  done,  then 
there  would  be  no  need  for  a  regenerator  flue  gas  CO  combustor  in  a  com- 
mercial plant.  There  is  a  good  probability  that  pilot  plant  acceptor 
size  alone  would  make  possible  regenerator  operation  under  oxidizing 
conditions.  The  acceptor  used  in  the  bench-scale  operations  was  nomi- 
nally 16  X  28  Tyler  mesh,  while  for  the  pilot  plant,  a  nominal  8  X  12 
Tyler  mesh  was  used.   If  transient  liquid  forms  rather  uniformly  through- 
out an  acceptor  particle,  then  for  larger  particles  most  of  the  transient 
liquid  forms  internally  and  is  not  available  at  the  surface.   Larger 
particles  would  also  provide  less  surface  area  between  particles.  Thus, 
the  chances  for  gluing  particles  together  is  reduced.   Finally,  bonds 
between  particles  would  tend  to  shear  more  easily  in  the  pilot  plant 
regenerator,  since  the  particles  have  greater  mass  and  momentum  than 
the  particles  used  in  the  bench-scale  operations.  Typically,  the  fluid- 
izing  velocity  in  the  pilot  plant  regenerator  is  two  to  three  times 
that  of  the  bench-scale  regenerator. 

Because  Run  43A  and  43B  both  shut  down  prematurely,  regenerator 
operation  under  neutral  and  oxidizing  conditions  was  never  demonstrated. 


15 


4.2    ACCOMPLISHMENTS 

4.2.1  Operational  Achievements 

The  operational  achievements  for  Runs  43A  and  43B  are  summarized 
in  hours  below: 


Run  43A 

Run  43B 

Process  Conditions 

127 

113 

Lignite  Feed 

122 

108 

Acceptor  Circulation 

144 

125 

Fresh  Acceptor  Makeup 

122 

116 

No  Air  to  the  Gasifier 

98 

48 

100%  Steam  to  Boot 

81 

0 

100%  Air  for  Regenerator 

Fluidization 

90 

68 

During  both  runs  the  Elliott  turbine  blade  test  stand,  which  is 
located  downstream  of  the  regenerator  external  cyclones,  was  put  in 
service.  This  test  stand  is  used  to  determine  the  relative  suitability 
of  various  materials  and  turbine  blade  coating  for  regenerator  flue  gas 
power  recover  applications  in  commercial  C02  acceptor  process  plants. 
The  operation  of  the  test  stand  has  been  an  ongoing  program  which  will  be 
summarized  with  a  final  report  by  Elliott. 

To  aid  Elliott  in  their  analysis,  samples  of  the  dust  which 
passes  through  the  test  stand  were  collected.  This  was  accomplished  by 
the  installation  of  a  bag  dust  collection  system  on  the  outlet  of  the 
test  stand.  The  dust  collection  system  was  in  service  whenever  the  test 
stand  was  operated.  Fifty-one  pounds  of  solids  were  collected  during 
Run  43A,  and  182  pounds  were  collected  during  Run  43B.  These  solids 
were  sent  to  Elliott.  However,  it  should  be  noted  that  the  quantity  of 
solids  collected  was  greater  and  the  size  range  was  larger  than  that 
expected  for  normal  operation.  This  was  due  to  periodic  massive  carry- 
overs of  regenerator  bed  material  which  overloaded  the  external  cyclones 
during  both  runs.  The  carryovers  were  associated  with  system  upsets, 
such  as  the  plugging  of  the  spent  acceptor  withdrawal  line  or  the  loss 
of  calcined  acceptor  transfer  to  the  gasifier,  which  caused  the  regener- 
ator to  overfill.  Therefore,  the  erosion  data  obtained  during  Run  43 
are  probably  not  meaningful. 

4.2.2  Plant  Data 

The  data  for  both  runs  are  presented  in  Tables  43-1  through  43-20. 
Operating  conditions  are  shown  in  Tables  43-1  through  43-4.  The  feed- 
stock analyses  are  presented  in  Table  43-5.  Effluent  and  process  solids 
analyses  are  shown  in  Tables  43-6  through  43-19.  Neither  run  lasted  long 
enough  for  a  balance  period  to  be  obtained. 
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4.2.3  Methanation 

The  methanation  unit  reactors  were  operated  for  nearly  66  hours 
during  Run  43A.  However,  the  unit  was  not  operated  during  Run  43B  due 
to  the  discovery  of  leaks  in  the  tubesheet  of  the  Dowtherm  condenser, 
C-406. 

Process  flow  data  for  the  Run  43A  operation  are  presented  in 
Table  43-21.  The  measured  temperature  profiles  for  the  packed  tube 
reactor,  DC-402,  are  shown  in  Figures  43-3  and  43-4  and  are  listed  in 
Table  43-22.   Recycle  to  fresh  feed  gas  ratios  as  low  as  0.56  to  0.59 
were  achieved. 

The  measured  feed  gas  rate  to  the  carbonate  tower  is  lower  than 
the  fresh  feed  to  the  methanator,  DC-402,  starting  at  1530  hours  on 
March  9,  1977,  and  continuing  until  the  end  of  the  run.  This  cannot  be 
true  since  the  dry  feed  gas  rate  to  the  carbonate  tower  must  be  at  least 
equal  to  the  methanator  dry  feed  gas  rate  plus  the  standard  cubic  feet 
of  C02  removed  in  the  tower.  The  discrepancy  is  most  likely  due  to 
errors  associated  with  the  recorded  root  reading  of  the  carbonate  tower 
feed  gas  flow  recorder.  During  the  latter  part  of  the  run,  the  recorded 
flow  was  only  2.7  roots.  This  represents  only  7.3  percent  of  the  re- 
corder scale.  At  this  low  flow  condition,  minor  errors  in  transmitter 
zero,  shift  in  the  transmitter  range,  and  transmitter  recorder  alignment 
can  lead  to  large  errors  in  the  actual  recorded  flow  reading.  Since  the 
recorded  reading  for  the  methanator  feed  gas  rate  was  typically  43  to  50 
percent  of  the  recorder  scale,  the  flow  to  the  methanator  should  be 
considered  as  correct.  Additionally,  since  one  is  primarily  interested 
in  the  material  balance  around  the  methanation  reactors,  the  flow  to  the 
carbonate  tower  is  a  minor  concern. 

The  recently  installed  methanation  unit  on  line  gas  chromato- 
graphs  were  not  functional  during  Run  43A.  Sample  taps  could  not  be 
cleared  to  AR-4000  (the  chromatograph  which  analyses  the  carbonate  tower 
feed  and  effluent  streams),  and  there  were  electrical  problems  with 
AR-4001  (the  chromatograph  which  analyzes  the  effluent  from  the  ZnO 
sulfur  guard,  the  combined  recycle  and  fresh  feed  stream  to  the  packed 
tube  methanator,  and  the  methanator  effluent  streams) .  The  gas  analyses 
shown  in  Table  43-20  were  all  obtained  using  the  manually  operated 
laboratory  chromatographs.  This  is  an  undesirable  situation,  since  a 
single  laboratory  stream  analysis  takes  10  to  15  minutes  to  perform. 
Therefore,  changes  in  the  gas  compositions  between  streams  cannot  be 
followed  rapidly,  and  this  can  lead  to  large  errors  in  the  calculated 
heat  and  material  balances. 

Considerable  effort  was  made  between  Runs  43A  and  43B  to  correct 
the  problems  with  the  on-line  analyzers.  A  representative  of  the  chro- 
matograph manufacturer  was  present  at  the  pilot  plant  for  about  1  week 
During  this  period  numerous  changes  were  made  to  the  chromatograph 
piping  valving,  and  electronics.  These  changes  should  make  the  on- 
line chromatographs  useful  in  future  runs. 
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4 . 3    PROBLEMS 

4.3.1  Calcined  Acceptor  Line  Scale 

The  main  problem  encountered  during  both  runs  was  the  formation 
of  a  calcium-rich  scale  on  the  inside  of  the  calcined  acceptor  standleg. 
The  composition  of  the  scale  taken  from  the  line  after  Run  43B  is  shown 
in  Table  43-20.  An  elemental  analysis  was  not  obtained  for  the  Run 
43A  scale.  However,  the  amounts  of  CO-  and  HO  in  the  Run  43A  scale  were 
determined  to  be  28.8  and  3.5  weight  percent  respectively.  The  CO2  level 
indicates  that  the  scale  was  highly  recarbonated  and  that  it  probably 
contained  at  least  54  weight  percent  CaO  on  a  calcined  basis. 

Plugging  of  the  calcined  acceptor  flow  control  valve  by  scale 
which  had  sloughed  off  from  the  standleg  was  one  of  the  causes  for 
the  loss  of  acceptor  transfer  experienced  during  both  runs.  Operation 
of  the  regenerator  with  too  low  a  fluidized  bed  level  was  the  other 
cause.  During  Run  43A  the  scale  sloughing  was  only  a  nuisance,  since 
normally  scale  deposit  in  the  flow  control  valve  could  be  broken  up 
by  stroking  the  valve.  However,  during  Run  43B  a  scale  deposit  also 
formed  below  the  valve  at  a  point  where  recycle  gasifier  product  gas 
was  used  for  purge.  The  deposit  below  the  valve  occupied  50  to  60 
percent  of  the  line  cross-sectional  area.  Finally,  when  a  piece  of 
scale  from  the  upper  section  of  the  line  passed  through  the  valve,  it 
lodged  across  the  downstream  deposit  and  totally  blocked  the  acceptor 
transfer.  The  run  then  ended. 

As  stated  in  the  Run  42  report,  recarbonation  of  acceptor  fines 
is  the  probable  cause  of  the  line  scale.  Run  43B  was  the  first  run  to 
have  a  scale  deposit  form  below  the  calcined  acceptor  flow  control 
valve.  The  frequent  losses  of  acceptor  transfer  which  caused  the  line 
to  cool  may  have  been  instrumental  in  the  formation  of  this  deposit. 
The  recycle  gasifier  product  gas  which  is  used  as  purge  below  the  valve 
contains  8  to  10  volume  percent  C02 .   Frequent  cooling  of  this  section 
of  line  would  provide  excellent  conditions  for  recarbonation  of  acceptor 
fines.  The  recycle  purge  is  used  to  keep  gasifier  steam  from  entering 
the  standleg.  Normally,  there  is  a  sufficient  flow  of  nitrogen  balance 
gas  purge  across  the  acceptor  flow  control  valve  to  prevent  steam  from 
entering  the  line.  Therefore,  in  future  runs  the  recycle  purge  will  be 
discontinued  when  fresh  acceptor  makeup  begins. 

4.3.2  Deposits 

Internal  regenerator  deposits  were  not  a  problem  during  either 
Runs  43A  or  43B.  After  each  run  the  reactor  was  inspected.  The  in- 
terior was  always  essentially  clean  with  only  a  very  thin,  1/8-inch 
to  1/4-inch  thick  hard  scale  on  the  walls.  As  is  normally  found,  the 
cone  bottom  of  the  regenerator  was  partially  filled  in  with  agglomerated 


dead-burned  dolomite.   In  this  area  the  dolomite  provides  a  more  natural 
geometry  by  setting  up  to  produce  a  steeper  bottom  inlet  cone.   The 
pressure  probes  which  protrude  into  the  reactor  were  coated  with  a 
normal  amount  of  hard  deposit  which  was  1/2-  to  1-inch  thick.   After  Run 
43B  the  regenerator  flue  gas  exit  gooseneck  had  a  major  buildup  beginning 
at  the  inlet  flange.   The  buildup  was  a  hard,  layered  material  which  was 
grayish  in  color.   The  buildup  extended  to  the  first  curve  where  it  had 
grown  until  only  a  2-inch  hole  remained.   The  gooseneck  beyond  the  first 
curve  was  free  of  solids.  The  majority  of  the  buildup  resembled  fly  ash 
with  some  acceptor  fines. 

The  Run  43A  gasifier  inspection  revealed  a  minor  amount  of  de- 
posit in  the  gasifier  boot.   The  usual  amount  of  dead-burned  dolomite 
deposit  which  sets  up  in  the  nonfluidized  area  between  the  boot  distri- 
butor and  the  wall  was  found.   Above  this  and  extending  for  30  inches 
above  the  bottom  flange  face  was  a  thin  2-  to  3-inch  thick  wall  deposit. 
The  bottom  third  of  this  deposit  appeared  to  be  dead-burned  dolomite. 
The  remainder  appeared  to  be  acceptor  and  acceptor  fines.   Localized 
nonfluidized  areas  of  the  acceptor  along  the  boot  wall  were  probably 
responsible  for  the  formation  of  this  deposit. 

A  massive  deposit  was  found  along  the  walls  of  the  transition 
section  and  a  portion  of  the  lower  char  bed.  The  deposit  extended  4 
feet  above  the  side  flow  distributor  and  was  up  to  1-foot  thick.   The 
deposit  was  made  of  agglomerated  acceptor  particles  which  collected  in 
the  transition  section  shortly  after  the  occurrence  of  the  power  failure 
which  ended  the  run.  This  deposit  was  totally  a  result  of  the  upset 
conditions  which  followed  the  power  failure.   Inspection  of  the  gasifier 
after  Run  43B  revealed  the  vessel  to  be  clean  and  deposit  free. 
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FUTURE  PLANS 


The  objectives  for  Run  44  are: 

(1)  To  demonstrate  process  operation  using  Wyodak  subbituminous  coal 
as  a  feedstock;  and 

(2)  To  operate  the  pilot  plant  in  a  steady-state  manner  for  a  suffi- 
cient time  to  allow  Radian  Corporation  personnel  to  obtain  enough 
samples  to  characterize  the  plant  effluents.  Minnekahta  lime- 
stone will  be  used  as  acceptor. 
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GUIDE    CONES 


ANCHORING 
CONE 


EXPANSION    BELLOWS 


INTERNAL   TAPERED     SLIP    JOINT 


LOCATION    OF  CRIMPED  OR 
PINCHED     DOWN    AREA 


CERAMIC    FIBER 
INSULATION 


GUIDE   CONE 
PRESSURE    JACKET 

INNER     LINER 

GUIDE    CONE 

ANNULUS    PRESSURIZATION   NOZZLE 

ANCHORING    CONE 


CALCINED    ACCEPTOR 
SAMPLE    SPOOL    PIECE 

CAST   REFRACTORY 


SOLIDS   FLOW 
CONTROL   VALVE 
TCV-2030 


CALCINED   ACCEPTOR  | 
SAMPLE   LINE 


CALCINED   ACCEPTOR 
TO    GASIFIER 


Figure   43-1.      CALCINED  ACCEPTOR  STANDLEG    (DURING  RUN   43A) 
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■ANCHORING    CONE 


EXTERNAL  EXPANSION    JOINT 
UPPER    SPOOL    PIECE    ONLY 


GUIDE  CONE 


SLIP   JOINT 
SLEEVE 


ANCHORING    CONE 


PRESSURE    JACKET 


CERAMIC    FIBER 
INSULATION 


GUIDE    CONE 


ANNULUS   PRESSURIZATION 
NOZZLE 

SLIP  JOINT    SLEEVE 


CALCINED     ACCEPTOR 
SAMPLE    SPOOL    PIECE 

CAST    REFRACTORY 


CALCINED    ACCEPTOR 
SAMPLE   LINE 


CALCINED  ACCEPTOR 
TO    GASIFIER 


Figure   43-2.      CALCINED  ACCEPTOR  STANDLEG    (AFTER  RUN  43A) 
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Date 

Screen  Size,  Wt  % 
Tyler  Mesh 
+35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 

Ultimate  Analysis,  Wt  % 
C 
H 
N 
S 
Ash  +  S03 

Ash  Elemental  Analysis,  Wt 
Si02 
S03 
Na20 
CaO 
MgO 
K20 
AI2O3 
Fe203 
P205 
Ti02 


3/9/77    3/10/77    3/11/77 


1.5 

49.4 

38.5 

3.0 

10.1 

4.2 

7.1 

7.3 

3.6 

7.7 

6.1 

4.2 

35.7 

15.1 

32.3 

38.6 

11.9 

16.9 

1.4 

Tr 

0.4 

64.10 

66.65 

66.46 

1.31 

1.61 

1.60 

0.25 

0.29 

0.28 

0.76 

0.74 

0.73 

23.23 

21.18 

22.65 

18.01 

15.40 

12.46 

7.51 

8.10 

7.38 

1.86 

1.95 

2.21 

50.50 

49.91 

55.06 

3.82 

3.86 

4.77 

0.41 

0.48 

0.57 

11.54 

11.90 

11.62 

5.16 

5.92 

4.75 

0.40 

0.64 

0.46 

0.28 

0.23 

0.22 

Table  43-18.   GASIFIER  QUENCH  TOWER  SOLIDS,  RUN  43A 
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Date 


4/5/77  4/6/77  4/7/77  4/8/77  4/9/77 


Screen  Size,  Wt  % 

Tyler  Mesh 

+35 

2.9 

2.9 

3.1 

2.7 

1.8 

35  X  48 

1.9 

7.0 

5.0 

4.5 

1.5 

48  X  65 

2.9 

5.3 

5.2 

4.6 

3.6 

65  X  100 

13.6 

9.9 

10.0 

15.0 

14.3 

100  X  200 

33.0 

32.7 

33.8 

34.7 

38.8 

200  X  325 

22.3 

25.1 

25.0 

22.0 

21.1 

-325 

23.3 

17.0 

17.9 

16.5 

18.9 

Ultimate  Analysis,  Wt  % 

C 

53.13 

56.79 

57.01 

57.18 

59.71 

H 

0.98 

1.10 

0.88 

0.83 

1.10 

N 

0.40 

0.32 

0.26 

0.24 

0.25 

S 

1.05 

0.80 

1.62 

0.91 

1.51 

Ash  +  S03 

29.12 

23.43 

23.39 

23.95 

26.11 

Ash  Elemental  Analysis,  Wt  % 

Si02 

33.01 

15.40 

15.68 

16.18 

12.98 

SO3 

8.85 

7.84 

10.67 

9.08 

12.00 

Na20 

2.71 

2.13 

2.30 

1.10 

0.81 

CaO 

29.40 

54.28 

53.00 

53.63 

60.48 

MgO 

4.92 

5.42 

3.22 

4.03 

2.77 

K2O 

0.33 

0.19 

0.12 

0.22 

0.21 

AI2O3 

12.85 

8.91 

8.65 

9.96 

4.81 

Fe203 

6.55 

4.95 

5.46 

5.38 

5.39 

P2O5 

0.15 

0.35 

0.69 

0.44 

0.49 

Ti02 

0.62 

0.50 

0.13 

0.15 

0.19 

Table  43-19.   GASIFIER  QUENCH  TOWER  SOLIDS,  RUN  43B 
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As  Received  Basis  Weight  Percent 

20.9 


Moisture 

co2 

Calcined  Basis 

Elemental  Analysis 

Si02 

S03 

Na20 

CaO 

MgO 

K20 

A1203 

Fe203 

P2O5 
Ti02 


11.7 


7.35 
1.77 
0.50 
81.50 
2.90 
0.26 
4.27 
1.34 
0.05 
0.11 


Table  43-20   ANALYSES  OF  DEPOSIT  REMOVED  FROM  BELOW  CALCINED 
ACCEPTOR  FLOW  CONTROL  VALVE,  TCV-2030 
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Date 

Time 

Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (1) 
Temperature,  UF  (2) 
Temperature,  °F  (3) 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H2C 

MW  (Wet) 
"■!",  Btu/SCF  (Dry) 

Recycle  Rate 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H,0 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Adiabatic  Reactor 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Water  Make,  lb/hr 

Dowtherm  Circulation  Rate,  lb/hr 

Temperature  to  DC-402,  °F 

Temperature  from  DC-402,  °F 
Dowtherm  Condensed,  lb/hr 

Temperature  of  Condensed 
Dowtherm,  °F 

(1)  Temperature  at  flow  measuring  orifice. 

(2)  Temperature  of  combined  feed  and  recycle  at  reactor  inlet 
13;  Temperature  of  reactor  effluent. 
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24,308 

24,543 
24,232 
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24,177 
23,910 

24,696 
24,415 

24,622 

24,327 

133 
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125 

126 

120 

121 
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137 

140 

140 

140 

140 

140 

140 

56.62 

57.92 

57.41 

55.06 

55.91 

57.31 

58.  22 

5.51 
15.43 

5.61 
15.93 

5.51 
15.33 

6.71 
15.62 

5.61 
16.03 

5.51 
15.83 

7.01 
13.53 

12.63 

12.53 

12.53 

12.11 

12.42 

12.63 

11 .62 

9.82 

8.02 

9.22 

10.51 

10.02 

8.72 

9.62 

1.60 
13.43 

1.53 
12.82 

1.27 
13.12 

1.30 
13.98 

1.11 
13.64 

1.14 
13.05 

1.20 
13.09 

360 

365 

362 

351 

358 

364 

349 

20,258 

21,361 

21,202 

21,364 

21,487 

20,731 
18,641 
631 
566 
488 
110 

18,256 
600 
569 
5  35 

19,119 
608 
566 
542 

19,107 
628 
564 
510 

19,455 
633 
564 
510 

19,364 
633 
566 

502 

- 

110 

110 

110 

110 

110 

- 

59.86 

59.46 

59.06 

59.46 

59.86 

59.16 

6.11 

6.01 

5.91 

6.11 

6.41 

_ 

8.61 

16.02 

16.12 

16.22 

16.42 

16.62 

_ 

13.21 

13.01 

13.06 

13.11 

13.01 

12.91 

11.61 

S.01 

5.36 

5.71 

5.01 

4.20 

_ 

7.41 

9.88 

10.50 

9.88 

8.94 

9.88 

_ 

10.08 

12.32 

12.50 

12.60 

12.35 

12.21 

. 

12.99 

377 

376 

376 

377 

37S 

- 

351 

39,774 

30,702 

17,101 

17,536 

17,564 

18,202 

15,872 

39,591 

30,541 

17,009 

17,460 

17,493 

18,138 

15,808 

150 

151 

161 

158 

155 

155 

162 

130 

130 

135 

135 

140 

145 

145 

1.30 

1.50 

1.40 

1.34 

1.30 

1.20 

2.00 

12.61 

14.40 

14.00 

15.35 

14.00 

12.60 

17.40 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

78.08 

78.00 

76.30 

78.78 

77.20 

76.20 

77.10 

8.01 

6.10 

8.30 

4.53 

7.50 

10.00 

3.50 

0.46 

0.52 

0.54 

0.43 

0.40 

0.35 

0.40 

19.60 

19.26 

19.83 

18.95 

19.63 

20.17 

18.82 

793 

793 

775 

800 

784 

774 

785 

7,353 

7,545 

8,021 

8,513 

8,296 

8,047 

8,047 

7,320 

7,505 

7,977 

8,476 

8,263 

8,019 

8,015 

78 

82 

83 

76 

74 

70 

74 

90 

90 

90 

90 

90 

90 

90 

1.30 

1.50 

1.40 

1.34 

1.30 

1.20 

2.00 

12.61 

14.40 

14.00 

15.35 

14.00 

12.60 

17.40 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

78.08 

78.00 

76.30 

78.78 

77.20 

76.20 

77.10 

8.01 

6.10 

8.30 

4.53 

7.50 

10.00 

3.50 

0.46 

0.52 

0.54 

0.43 

0.40 

0.35 

0.40 

19.60 

19.26 

19.83 

18.95 

19.63 

20.17 

18.82 

793 

793 

775 

800 

784 

774 

785 

309.4 

348.8 

323.4 

281.3 

315.0 

323.4 

348.8 

35,400 

35,400 

35,600 

35,500 

35,500 

36,100 

36,200 

523 

528 

508 

515 

515 

500 

493 

555 

558 

553 

549 

551 

541 

533 

0 

2.160 

1,300 

0 

1,810 

2,740 

3,260 

155 

185 

165 

140 

200 

SOS 

500 
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Date 


Time 


Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO,  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (1) 
Temperature,  °F  (2) 
Temperature,  °F  (3) 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO,  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCFH  (Dry) 

Recycle  Rate 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Adiabatic  Reactor 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Water  Make,  lb/hr 

Dowtherm  Circulation  Rate,  lb/hr 

Temperature  to  DC-402,  °F 

Temperature  from  DC-402,  °F 
Dowtherm  Condensed,  lb/hr 

Temperature  of  Condensed 
Dowtherm,  °F 

(1)  Temperature  at  flow  measuring  orifice. 

(2)  Temperature  of  combined  feed  and  recycle  at  reactor  inlet. 

(3)  Temperature  of  reactor  effluent. 
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1.90 

1.70 

14.70 

13.50 

16.00 

14.10 

15.10 

15.30 

15.12 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

80.20 

75.80 

78.80 

77.00 

79.40 

75.10 

79.58 

1.40 

1.30 

2.40 

1.30 

2.10 

7.70 

3.60 

0.51 

0.48 

0.46 

0.40 

0.45 

0.40 

0.40 

17.68 

16.71 

18.24 

17.03 

17.96 

19.75 

18.62 

822 

796 

805 

802 

813 

765 

809 

7,814 

8,785 

7,714 

8,731 

8,041 

7,853 

8,176 

7,774 

8,743 

7,678 

8,696 

8,005 

7,822 

8,143 

81 

82 

78 

74 

77 

74 

74 

90 

100 

90 

90 

90 
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9.40 
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0 

1,470 
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3,110 

116 

192 
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RUN  44 

RUN  44A  APRIL  20  to  MAY  1,  19  77 
RUN  44B   MAY  20  to  MAY  17,  1977 


C02  ACCEPTOR  PROCESS  GASIFICATION 
PILOT  PLANT 
RAPID  CITY,  SOUTH  DAKOTA 
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1        SUMMARY 


Run   44  was  not  successful  in  demonstrating   the  technical   feasibility  of 
the  C02  Acceptor  Process   in  the  gasification  of  Wyodak  subbituminous    coal.     The 
run  was   instrumental,  however,    in  exposing  the  major  problem  associated  with   the 
steady-state  gasification  of  this    feedstock.     A  secondary  objective  to   collect 
regenerator  and  methanator  effluent  samples    for  environmental   characterization 
studies,  was   only  partially  achieved.      Early  run   terminations  precluded  any  oppor- 
tunity to  demonstrate   regenerator  operation  under  neutral   and  oxidizing   conditions, 
a  procedure   that  was   to  be  tested  late   in  the   run. 

The   run   consisted  of  two  independent   attempts    to   achieve   the  prescribed 
objectives.      Both  attempts  primarily  differed  from  previous  Wyodak  runs   in  the 
degree  of  attention   that  was   given  to   finding  the  proper  fluidizing  gas    rate   in 
the  gasifier  boot.      Run  44A,    the   smoothest  of  the  two  attempts,    incorporated  a 
low   fluidizing  gas    rate.     Although  beneficial  in  maintaining   a  low   gasifier  char 
bed  density,    it  was    too   low   to  properly   control   the   char  acceptor  interface.      Run 
44B,  which  featured  a  slightly  greater  fluidizing  gas   rate,   suffered  an  unavoidable 
increase  in  char  bed  density.     The   failures   of  both   runs    are  attributed  to  the 
low  equilibrium  limestone   acceptor  particle   density,    a  characteristic  of  all 
previous  Wyodak   runs.      Both  Run  44   attempts   ended  with   unrecoverable   gasifier 
boot   upsets. 

Run  44  demonstrated  conclusively  that  within  the  operational   constraints 
of  the   Rapid  City  Pilot   Plant,   steady-state   gasification  of  Wyodak   coal   could 
not  be  achieved  with  Minnekahta  limestone  as   the  CO2   acceptor.      Plans   to  test 
Wyodak  gasification  with   another  acceptor  were   formulated  for  Run   45. 
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end  of  this 

Figure  44-1, 
Figure  44-2, 
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run  report.  These  figures  and  tables  include: 
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3  SIGNIFICANT   EVENTS 

3.1  TABULAR  HISTORY  OF  RUN   44 

3.1.1     Objectives 

The  objectives  of  Run  44    (A  and  B)  were  to: 

(1)  Demonstrate  process   feasibility  using  Wyodak  subbituminous    coal 
and  Minnekahta  limestone  acceptor  as  plant  feedstocks. 

(2)  Achieve   a  steady-state  balance  period   (with  no   air  or  recycle   gas 
to  the  gasifier)    of  sufficient   duration   for  Radian  Corporation  to 
collect  samples    for  the  characterization  of  regenerator  quench 
system  process  streams. 

(3)  Operate  the  methanator  to  allow  sampling  of  its  process  streams   in 
order  to  determine  the  existence  and  concentrations   of  nickel  and 
iron  carbonyls  . 

(4)  Demonstrate  the  operation  of  the  regenerator  under  neutral  and  oxidizing 
conditions . 

3. 1 .  2     Accomplishments 

(1)  Run   44  did  not   totally  meet   any  of  the  specified  objectives.      However, 
the  run  exposed  the  problems   associated  with  the  gasification  of  Wyodak 
subbituminous    coal   and  revealed  the   limitations   in   the  ability  of  the 
Rapid  City  Pilot  Plant   to  successfully  cope  with  these  problems. 

(2)  The  effluent   characterization  studies  planned  by  Radian  Corporation  were 
only  partially   completed  during  this    run. 

3.1.3     Termination  Causes 

Both  Ran  44  attempts  were  terminated  by  gasifier  boot  upsets.     Once   fresh 
acceptor  makeup  to  the  system  was  established,  the  acceptor  particle  density 
began   to  decrease  and  never  reached  an  equilibrium  value.     During  each   run  the 
particle  density  finally  became  so  low  that  stable   control  of  the   char-acceptor 
interface  was  not  possible.      Unavoidable  boot  upsets   then  occurred  which  ended 
the  runs . 
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3.1.4  Mechanical  Problems 

No  significant  mechanical  problems  were  encountered  in  either  Run   44 
effort. 

3.1.5  Process   Problems 

The  only  process  problem  experienced  during  the  run  was   the   low  acceptor 
particle  density.      The  problem   cause,    as  well   as   the  measures   that  were   taken 
to  cope  with  the  problem  are   discussed  more   fully  in   the  Results    and  Discussion 
portion,  Section  4  of  this  report. 

3.2  CHRONOLOGY  OF  OPERATIONS 

3.2.1     Run  44A 


Date 

Time 

Hours 
Counted 

4/20 

1241 
1700 

2035 

2045 

2105 
2  220 

-129.1 

4/21 

it 

0100 
0145 
0650 

-116.8 

0  730 

0900 
0945 


1045 


1200 
1310 
1432 
1530 


Description 

Starting  to  pressure  up  the  system. 

System  up  to  pressure,   started  the 

static  pressure  tests. 

Started  depressuring  the  system  in 

order  to  repair  a  leak. 

Stopped  depressuring,  holding  system 

at   about   120  PSIG. 

Leak  repaired,  pressuring  up   the  system. 

Static  pressure  test   finished. 

Started  gas    circulation. 

Lit  off  the  process  heaters  . 

J-202,   main  air  compressor,   taken  off 

line   for  maintenance. 

Started  the  250°F  refractory   cure 

holding  period. 

J-202  back  in  service. 

Recycle  gas   removed  from  the  gasifier 

boot   flow  for  maintenance  work  on  XCV- 

2020. 

Depressuring  the  system  in  order  to  remove 

a  restriction  in  line  CD-204,   spent   char 

to  the  regenerator. 

System  depressured. 

Pressuring  up  the  system. 

System  up  to  operating  pressure. 

Started  gas   circulation  and  lit  off 

the  process  heaters. 
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Hours 
Date  Time  Counted  Description 


4/21 


4/23 


1730  Began  grinding  char  to  tote  bins   in  the 

100  area. 

1830  Started  the  250°F  refractory  cure 

holding  period. 
m  2140  Finished  grinding  char  to  tote  bins   and 

shut  down  the   100  area,    the  solids 
grinding  section. 
2315  Completed  the  250°F  refractory   cure 

holding  period,  began  raising  system 
temperatures  . 
4/22  0  700  -86.8         Started  the  600°F  refractory   cure 

holding  period.     Started  the  heater 
differential  pressure  tests. 
n  130o  Began  grinding  Wyodak  subbituminous    coal 

for  the  preheater 
1600  Finished  the  600°F  refractory   cure 

holding  period,   raising  system  temp- 
eratures.     Finished  the  heater  differ- 
ential pressure  tests. 
0445  -60.0         Began  feeding  dead-burned  dolomite  to 

the  gasifier  via  F-204A,    fresh  lignite 
feed  lockhopper. 
0730  Began  feeding  dead-burned  dolomite  to 

the  regenerator  via  F-206,    fresh  acceptor 
feed  lockhopper. 
Initiated  solids   circulation. 
Started  the  solids    circulation  tests. 
Finished  the  solids   circulation  tests. 
Stopped  solids   circulation  and  started 
the  gas    flow  tests . 
1645  Finished  the  gas    flow  tests,   restarted 

solids    circulation. 
Placed  the  Zinc  Oxide  units   on  line. 
Inititated  steam  flow  to  the  gasifier  side 
Stopped  solids   circulation  in  order  to 
run   additional  gas    flow  tests. 
Finished  the  gas    flow   tests    and  resumed 
solids    circulation. 

Finished  grinding  Wyodak  coal   for  the 
preheater,   shut  down  the   100  area. 
Ran  the  minimum  gasifier  boot   fluidi- 
zation  tests. 

Began   feeding  char  to  the  gasifier  via 
F-204A. 


1100 

"  1300 

1630 


II 

1710 

II 

1730 

II 

1800 

II 

1840 

It 

1900 

II 

19  30 

II 

1955 

64 


724 

0500 

it 

1335 

it 

1515 

it 

1535 

/25 

0020 

0345 

m 

0915 

it 

09  35 

ii 

1110 

Hours 
Date  Time  Counted  Description 

4/23  2130  Experiencing  trouble  with   XCV-2187,    flow 

control   valve    for  F-228  acceptor  withdrawal 
lockhopper. 
"  2330  Initiated  shutdown  procedures    in  order  to 

repair  XCV-2187. 
Depressuring  the  system. 
Pressuring  up  the  system,  maintenance 
finished  with   XCV-2187. 
Began  grinding  Wyodak  coal   for  the  pre- 
heater. 

System  up   to  operating  pressure.      Started 
all   recycle   compressors    and  lit  off  the 
process  heaters. 

Initiated  dead-burned  dolomite   feed  to 
the  gasifier  via  F-204A. 
Began   feeding  dead-burned  dolomite   to 
the  regenerator  via  F-206. 
Initiated  solids    circulation. 
Initiated  steam  flow  to  the  gasifier  side. 
Placed  the  Zinc  Oxide  units  on   line,   ran 
Case  I   of  the  heater  differential  pressure 
tests. 
1130  Began  feeding  char  to  the  gasifier  via 

F-204A. 

Initiated  air  flow  to  the  gasifier  side. 
Initiated  steam  flow  to  the  gasifier 
boot. 

Initiated  fuel   char  transfer. 
Ran  Case  II   of  the  heater  differential 
pressure  tests. 
0  Regenerator  at   1800°F. 

Began   feeding  Wyodak   coal  as   auxiliary 
fuel  to  the  regenerator. 
Charged  F-206  with   fresh  6X8   limestone. 
Started  feeding  Wyodak   coal  to   the 
gasifier  via  F-204A. 
Fresh  6X8  limestone  entering  the 
system. 

Initiated  the  air-recycle  gas-steam 
changes   to  the  gasifier  boot   and  side 
flows . 
0755  Began   allowing  some  synthesis   gas    flow 

through  the  front  end  of  the  me  than  at  ion 
unit. 


II 

1430 

II 

1800 

It 

2015 

II 

2115 

II 

2145 

It 

2330 

4/26 

0030 

it 

0055 

n 

0230 

tt 

0415 
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Date 


4/26 


11 
ii 

tt 
ii 
ii 
it 
ii 

4/27 


Time 

0800 

1145 

1325 
1515 

1700 
1740 
1912 
1930 
2323 
0050 
0800 

1705 


Hours 
Counted 


1540 


1600 
1745 


34.75 


II 

2400 

50.75 

4/28 

2400 

74.75 

4/29 

19  30 

ii 

2400 

98.75 

4/30 

0025 

H 

1520 

114 

5/1 


0645 


Description 

All   recycle   gas   out  of  the   regenerator 
side   flow. 

Lost  auxiliary  fuel   feed  to  the  regener- 
ator. 

Regained  auxiliary  fuel   feed. 
All   air  removed  from  the  gasifier 
side   flow. 

Lost  char  transfer  to  the  regenerator. 
Regained  char  transfer. 
Lost  char  transfer. 
Regained  char  transfer. 
Lost  char  transfer. 
Regained  char  transfer. 
All   recycle  gas   out  of  the  gasifier 
boot   flow. 

Initiated  synthesis   gas   flow  through 
the  packed  tube  methanator  in  the 
methanation  unit. 
Entire   unit  operating  smoothly. 
System  operating  smoothly.      Performing 
only  minor  changes   in  order  to  enhance 
operation. 

Shut  down  100   area  in  order  to  remove 
foreign  material   from  roller  mill. 
Main  unit  and  methanation  unit  running 
smoothly. 

Resumed  grinding  Wyodak  coal  for  the  pre 
heater. 

Char- acceptor  interface  in  the  gasifier 
boot  suddenly  disappeared.      Stopped 
all  solids   circulation.      Increased 
the  gasifier  boot   flow  with  recycle 
gas. 

Removed  synthesis  gas    flow  through  the 
methanation  unit  due   to  upset  in  the 
main  gasification  section. 
Shut  down  the  100  area. 
Initiated  plant  shutdown  procedures. 
Unable  to  restore  solids    circulation 
out  of  the  gasifier  boot  and  gasifier 
differential  pressure  indicators   are 
not   responding  to   flow   changes. 
System  depress ured. 
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3.2.2     Run  44B 


Hours 
Date  Time  Counted 


it 


ii 


1800 
1900 


It 

1915 

5/11 

0300 

ii 

1315 

it 

0400 

ii 

1410 

ii 

1727 

0115 


0  740 


1005 


Description 


5/10  1130  Pressuring  up  the  system. 

1345  System  up   to  pressure,   started  the 

static  pressure  test. 

1615  Static  pressure  test   completed. 

Started  the  process   recycle  gas   com- 
pressors . 

Lit  off  the  process   gas  heaters   and 
began  heating  the  system. 
Began  grinding  Husky   char  to   tote  bins. 
Started  the  heater  differential  pressure 
tests . 

Finished  the  heater  differential 

pressure  tests. 

Finished  grinding  char  to  tote  bins. 

Shut  down  the  100  area,   the  solids 

grinding  section. 

Started  grinding  Wyodak  subbituminous 

coal  for  the  preheater. 

Started  filling  the  gasifier  with  dead- 
burned  dolomite  via  F-204A,    fresh   lignite 

feed  lockhopper. 
1927  Began   filling  the  regenerator  with 

dead-burned  dolomite  via  F-206,    fresh 

acceptor  feed  lockhopper. 
1945  Stopped  filling  the  system  with  dead- 

burned  dolomite  due  to  a  leak  on  F-308, 

gasifier  knockout  pot. 
2015  Shut  down  the  gasifier  recycle  gas   com- 

pressors  and  heaters. 
2345  F-308  repaired  by  maintenance. 

b/LZ  0015  Restarted  the  gasifier  recycle  gas 

compressors   and  lit  the  heaters. 
LCV-2003,   gasifier  boot   level  controller, 
stuck  open  and  drained  the  regenerator 
into  the  gasifier. 

Transferred  excess   dead- burned  dolomite 
from  the  gasifier  to  regenerator.     Empty- 
ing the  rest  of  the  dead- burned  dolomite 
in  F-204A  into  the  gasifier. 
0945  Finished  grinding  Wyodak  coal   for  the 

preheater. 

Filling  the  regenerator  with  dead- burned 
dolomite  via  F-206. 
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Hours 

Date 

Time 

Counted 

5/12 

1325 

M 

1455 
1605 

II 

1640 

II 

1655 

Tl 

1800 

II 

1905 

II 

2140 

II 

2345 

5/13 

0030 

ii 

0300 

0  330 


II 

0435 

II 

0520 

II 

0  705 

II 

0  742 

II 

0822 

II 

0900 

II 

1000 

II 

•     1145 

Description 

Initiated  solids   circulation. 
Started  the  solids   circulation  tests. 
Completed  the  solids    circulation   tests. 
Started  the  lift   line  gas   flow  tests. 
Completed  the  gas   flow  tests. 
Initiated  the  steam  flow  to  the  gasifier 

side. 

Placed  the  zinc  oxide  unit  on   line. 
Initiated  Husky  char  feed  to  the  gasi- 
fier via  F-204A. 

Introduced  air  to  the  gasifier  side   flow. 
Introduced  steam  to  the  gasifier  boot 

flow. 

Removed  the  steam  flow  to  the  gasifier  boot. 

Finished  the  heater  differential  pressure 

tests. 

Initiated  char  transfer  from  the  gasifier 

to  the  regenerator. 

Regenerator  at   1800°F. 

Initiated  auxiliary  Wyodak  coal   feed  to 

the  regenerator  via  F-20  7,    auxiliary 

fuel   feed  lockhopper. 

Dumped  fresh  6  X  8  mesh  limestone  into  F-206. 

Initiated  C02  gas   flow  to  the  gasifier 

side. 

Began  feeding  Wyodak  coal  to  the  gasifier 

via  F-204. 

Fresh  6X8  mesh  limestone  being  fed  to  the 

regenerator  via  F-206. 

Began  grinding  Wyodak  coal   for  the  preheater, 
Started  the  air/steam/recycle  gas   flow 
changes   to  the  gasifier. 
1345  L-109-L3,   roller  mill  vari-speed  feeder, 

motor  overheated.     Stopped  grinding  Wyodak 
coal  in  order  for  maintenance  to  repair 

it. 

F-204B,   fresh  coal   feed  lockhopper,    feeder 
out  of  service  for  maintenance.      Began 
procedures   to  conserve   coal   feed  to  the 
gasifier  in  order  to  prevent  running  out 
of  coal  feed  before  F-204B   feeder  is   re- 
paired. 

L-109-L3  motor  repaired,   resumed  grinding 
Wyodak  coal  to  the  preheater. 


1628 


1645 
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Date 


5/13 


5/16 


Time 


1710 


Hours 
Counted 


II 

2015 

5/14 

1000 

M 

1010 

ii 

1035 

it 

2400 

5/15 

1634 

29.4 


2350 


2400 


10  30 


67.4 


II 

1055 

II 

1358 

II 

1610 

83.6 


5/17 


19  00 
2020 
0545 


Description 

F-204B   feeder  repaired,   bringing 

operating   conditions  back   to  normal. 

All   air  out  of  the  gasifier  side   flow. 

All   recycle  gas   out  of  the  gasifier 

boot   flow. 

Zinc  oxide   towers   removed  from  service. 

Elliott   test   turbine  placed  on   line. 

Lining  out  system  conditions. 

Began   cutting  the  gasifier  boot   flow   for 

fluidization  tests. 

Finished  the  gasifier  boot   flow   test, 

stopped  with   31,000  SCFH  flow   to  the 

gasifier  boot.      Raised  the  boot   flow 

back   to   35,000  SCFH. 

Adjusted  solids    feed  rates    and  flow 

rates   to  the  system  all   day  in  order 

to  line  the  plant  out. 

Lost  char  transfer  after  surge  occurred 

in  the  differential  pressure  between  the 

gasifier  and  regenerator. 

Reestablished  char  transfer. 

Initiated  air  flow   to   the  gasifier  side. 

Experienced  an  upset  in  the  gasifier, 

closed  valves   LCV-2002  and  TCV-2030, 

stopped  all  solids    feed  and  blew  the 

gasifier  interface. 

Shut  down  the  100  area. 

Initiated  plant  shutdown  procedures. 

System  depress ured. 
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4        RESULTS   AND   DISCUSSIONS 

4.1  BACKGROUND 

The  purpose  of  the  sampling  program  to  be  performed  by  the  Radian  Corp- 
oration during  Run  44  was   to  characterize  the  process  effluents   that  would  be 
expected  in  the  gasification  of  a  feedstock  typical  to  a  commercial  C02  acceptor 
process       Since  Velva  lignite,   a  commonly  used  process    feedstock  is  not  in  suffi- 
cient supply  to  justify  a  commercial  plant  design,    and  Glenharold  lignite  was  not 
available  at  the  start  of  Run  44,    it  was  decided  to  undertake  the  run  using  as 
feedstock  a  subbituminous   coal   common  to  the  northern  Great  Plains  region.     Wyodak, 
a  Wyoming  subbituminous   coal,   was  selected  for  this  purpose. 

Previously,   Runs    38  and  41  had  featured  the  use  of  Wyodak  coal  as   gasifier 
feedstock.     The  only  process  modifications   distinguishing  Run  44  from  the  other 
runs  were:    (1)    the  smaller  regenerator  internal  diameter  and,    (2)    the  use  of  air 
in  the  acceptor  lift   line.     These  changes,  however,  were  not  expected  to  have 
significant  effects  on  the  operation  or  outcome  of  the   run. 

One  distinguishing  characteristic  associated  with  the  use  of  Wyodak  coal 
in  the  past  had  been  the  resultant  low  acceptor  particle  density   (the  particle 
density  of  the  acceptor  inventory  after  changeout  of  the  dead-burned  dolomite). 
In  anticipating  a  repeat  of  this  phenomenon,    the  decision  was  made  to  operate 
the  gasifier  during  Run  44A  with  a  minimum  gas   fluidization  velocity  in  the  boot. 
A  low  boot  flow  would  keep  the  percentage  of  acceptor  fines  in  the  char  bed  at 
a  minimum  and  would  therefore  enhance  acceptor  showering  and  circulation.      If 
the  acceptor  showering  rate  could  be  improved  over  what  was   achieved  during 
Runs   38  and  41,   then  it  should  be  possible  to  demonstrate  process   feasibility 
using  the  Wyodak   coal   feedstock. 

4.2  ACCOMPLISHMENTS 

4.2.1     Major  Operational  Achievements 

The  significant  hours  of  plant  operation  for  Runs   44A  and  44B  are 
summarized  below: 

SUMMARY  OF  PLANT  OPERATIONS 

RUN  44A       RUN   44B 

With  acceptor  circulation 
At  process  conditions 
With  Wyodak  subbituminous  feed 
With  fresh  limestone  feed 
Without  air  to  gasifier 
Without  recycle  to  gasifier 
With  methanation  unit  on  line 


136 

100 

114 

83 

110 

80 

109 

80 

96 

66 

79 

54 

69 

25 

70 


Although   Run   44   failed  to  satisfactorily   achieve   any  of  the  major  ob- 
jectives,   the  pilot  plant   operation  was    remarkably  smooth   during  both  run 
attempts.      Run  44A,    the  smoothest  and  longest  of  the  two  runs,   yeilded  a 
36-hour  period  throughout  which  only  one  significant  process    change  was 
observed:      the  inexorable   reduction  in  acceptor  particle   density  which   com- 
menced with  the  start  of  the   replacement   of  the   dead-burned  dolomite  inventory 
by  fresh  limestone  makeup.     The   lowering  density  created  a  process  problem  that 
could  not  be  resolved,    and  which   consequently   terminated  the  run.      During  the 
36-hour  period  the   regenerator  was    fluidized  with   100  percent   air,    the  gasifier 
was   fluidized  with  steam  alone  and  all   of  the  gasifier  heat   duty  was   supplied 
by  the    limestone   acceptor  circulation. 

Problems  with  sampling  equipment   and  the  early   run   terminations    allowed 
Radian  Corporation  to   collect  only   a  small  number  of  the  samples    required  for 
their  characterization  studies. 

4.2.2  Plant  Data 

Tables   44-1  through  44-22  summarize  the  gasification  section  data  for 
Run  44.     Tables   44-1  through  44-4  list  the  operating  conditions   throughout  each 
run.      Feedstock  composite   analyses   are  presented  in  Tables   44-5  and  44-6.      Cir- 
culated and  effluent  process  stream  solids   analyses    are  presented  in  Tables   44-7 
through  44-20.     Tables   44-21   and  44-22  list  the  plant  pressure  balance  data  for 
each  run;  while  the  locations   and  elevations    for  the  pressure  points   are  shown 
in  Figure  44-1.     The  pressure  balance   results  were   calculated  by  correcting  the 
raw  pressure  drop   as   described  in  the  Run   17  report  and  the  forcing  the  summation 
of  the   corrected  pressure  drops   to  converge  as   described  in  the  Run  28  report. 

For  purposes   of  comparison  with  past   and  future  Wyodak   runs,   acceptor 
activity  in  Run  44A  is  plotted  as   a  function  of  time  in  Figure  44-2.     The  Run 
44B  activities   are  presented  in  Table  44-10  but  are  not  plotted  because  of 
the  shorter  duration  of  the  run. 

The  Run  44A  methanation  unit  process   flow  data,    for  which   complete  sets 
of  laboratory  gas   analyses   are  available,    are  presented  in  Table  44-23.     The 
methanation  temperature  profile  data  are  tabulated  in  Table  44-24  and  plotted 
in  Figures  44-3  and  44-4. 

4.2.3  Methanation  Unit  Operation 

The  methanation  unit  was   operated  in  Runs  44A  and  44B   for  totals   of 
69  hours   and  25  hours   respectively.     The  Run  44A  operation  was  similar  to  that 
of  Run  43A  with  the  exception  that   the  recycle  ratio   (wet  recycle  gas   rate/dry 
methanator  feed  gas   rate)   was   further  reduced.      In  Run  43A  a  recycle   ratio  of 
0.62  to  0.65  was  necessary  while  in  Run  44A  the  recycle   ratio  was    lowered  to 
0.44  to  0.49.     These  lower  recycle  ratios   indicate  that  the  total  elimination 
of  recycle  flow  may  be  possible  if  slight  adjustments    can  be  made  to  improve 
the  rate  of  heat   transfer  from  the   catalyst  filled  tubes   in  the  packed  tube 
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methanator,  DC-402.  Adjustments  which  would  bring  about  a  further  reduction  in 
the  recycle  ratio  include:  increasing  the  peak  temperature  in  the  methanation 
reactor  tubes  from  the  present  level  of  850  to  900°  to  950  to  1000°F,  and  re- 
ducing the  inlet  coolant  temperature  to  the  lowest  practical  level.   In  the 
present  system,  Dowtherm  A  is  used  as  coolant.  Therefore,  the  maximum  practical 
operating  temperature,  which  will  allow  coolant  vaporization  without  pulling 
a  vacuum,  is  about  495°F. 

Although  the  above  adjustments  are  minor  and  represent  only  a  fine 
regulation  of  the  process  operation,  they  were  not  attempted  during  Run  44A. 
This  restriction  was  imposed  to  permit  collection  of  typical  samples  during 
the  run.   Five  samples  would  be  necessary  to  characterize  the  methanator 
process  streams  for  nickel  and  iron  carbonyl  content.  Personnel  from  Radian 
Corporation  of  Austin,  Texas,  the  sampling  program  coordinator,  were  able  to 
obtain  three  of  the  five  critical  samples  before  an  upset  in  the  main  gasifi- 
cation section  caused  termination  of  the  run. 

4 . 3    PROBLEMS 

4.3.1  Equilibrium  Acceptor  Particle  Density 

As  mentioned  earlier,  a  continually  decreasing  acceptor  particle  density 
was  the  principal  problem  encountered  in  either  test  of  Run  44.  A  decrease 
in  particle  density  reduces  the  driving  force  for  acceptor  showering  through 
the  gasifier  char  bed.  This  phenomenon  led  to  the  eventual  char-acceptor 
interface  control  problems  that  were  encountered  in  Run  44.  The  density  of 
the  char  bed  (char  in  equilibrium  with  showering  acceptor)  phase  and  the  den- 
sity of  the  acceptor  phase  in  the  gasifier  boot  had  approached  each  other  in 
value.  The  dilemma  of  gradually  decreasing  density  difference  between  the  two 
phases  proved  to  be  an  insurmountable  problem  in  Run  44. 

Figures  44-5  and  44-6  show  various  gasifier  conditions,  including  boot 
density  versus  time,  throughout  Run  44A.  The  figures  illustrate  that  during 
the  run  the  pilot  plant  operation  was  very  smooth.  The  run  incorporated  a 
low  gas  rate  which  was  sufficient  to  incipient ly  fluidize  the  acceptor  in  the 
boot.  This  low  gas  rate  encouraged  the  transfer  of  acceptor  from  the  gasifier 
transition  section  into  the  boot.  The  resulting  improvement  in  acceptor 
showering,  as  indicated  by  the  relatively  low  char  bed  density,  allowed  con- 
tinuous operation  at  typical  acceptor  circulation  rates.  As  the  run  progressed 
and  the  acceptor  particle  density  decreased,  the  char-acceptor  interface 
(indicated  by  differential  sensing  instruments)  became  increasingly  harder 
to  discern. 

Late  in  Run  44A  the  interface  control  instrumentation  indicated  that 
momentary  bridging  of  the  acceptor  in  the  boot  was  occurring  almost  continuously 
The  momentary  bridging  was  apparently  the  result  of  the  low  boot  flow  used 
during  the  run  to  fluidize  the  boot  acceptor  phase.  Because  the  char  bed 
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density  was  well  under  control   at   that  time,   the  intent  was   to  continue  to 
operate  the  gasifier  with  a  minimum  boot    fluidization  velocity.     However,   as 
the  run  progressed,   the  interface   level  became  increasingly  more  difficult   to 
control.     Eventually,   the  interface  disappeared.      As   attempts  were  made   to 
regain  the  interface,    the  showering  acceptor  accumulated  and  defluidized  in 
the  transition  section.     A  plug  formed  which  could  not  be   cleared  and  there- 
fore,   the  run  was  discontinued. 

Because  the  plant  operation  for  Run  44A  was  extremely  smooth   and 
trouble   free  until  the  upset,   the  run  clearly  revealed  that   the  low  equilibrium 
limestone  particle  density  was   the  underlying  cause  of  this   and  previous    failures 
to  demonstrate  process   feasibility  with  Wyodak   coal  and  limestone  acceptor.     The 
results   of  the  run  also   led  to  the  conclusion  that   a  higher  gasifier  boot   flui- 
dization velocity  was  needed  to  stabilize  the  interface   control. 

In  a  final  effort  to  demonstrate  the  use  of  the  Wyodak   feedstock,   the 
decision  was  made   to  operate   the  gasifier  during  Run  44B  with   the  boot   flow 
slightly  above  the  flow  required  for  incipient   fluidization  of  the  collected 
acceptor.     Experience  with  the  gasifier  operation  has   shown  that   the  char  bed 
density  is  sensitive  to  changes   in  the  gasifier  boot   fluidization  gas   velocity. 
Normally,   increasing  the   fluidizing  velocity  increases   the  char  bed  density  by 
forcing  a  greater  hold-up  of  acceptor  in  the  char  bed.      For  Run  44B  the  hope 
was   that   the  slight  increase  in  fluidizing  velocity  would  stabilize  the  char- 
acceptor  interface   control  but  would  not   lead  to  an  excessive  increase  in  the 
char  bed  density. 

Improved  interface  stability  and  control  were  achieved  during  the  run. 
Nevertheless,   the  quandary  of  the  diminishing  density  difference  between  the 
acceptor  bed  and  the  char  bed  persisted.      In  this   run  the  density  difference 
was  quickly  reduced  by  an  increase  in  the  gasifier  char  bed  density.     The 
slightly  greater  boot  gas   flow,  necessary  to  maintain  stable   control  of  the 
interface,  proved  to  have  an  adverse  effect  on  the  transfer  of  acceptor  from 
the  gasifier  transition  to  the  boot.      As   a  result  of  the  higher  gas   velocity 
through  the  gasifier  boot,   more  acceptor  was  held  up  in  the   char  bed  and  was 
prevented  from  entering  the  boot.     Acceptor  circulation  was   reduced  in  an 
attempt  to  limit   this   acceptor  accumulation.     However,   the  resultant  high 
char  bed  density  when  compounded  with   low  boot  density  again  eventually 
formed  an  interface  that  proved  to  be  indiscernible  to  the  boot   level  control 
instrumentation.      As  in  Run  44A,   a  boot  upset  occurred  which  resulted  in  the 
run  termination. 
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4.3.2     Deposits 

After  Runs    44A  and  44B,   major  pilot  plant  vessels    and  piping  were  in- 
spected.    The  gasifier  deposits    found  after  each  Run   44   inspection  were   typical 
of  deposits    formed  with  the  new  boot   distributor  and  were  not   considered  to  be 
process   oriented  or  any  particular  threat   to  continuous   gasifier  operation.      The 
location  and  relative  size  of  the  gasifier  deposits   are  shown  in  Figures   44-7 
and  44-8  for  the  respective   runs.     The  gasifier  boot   at   the  end  of  each  run 
contained  a  moderate  sized  wall   deposit   just  above  the  gas   distributor.     The 
deposit  varied  from  2   to   3  inches   in  thickness    and  from  24   to   39   inches   in 
height.      It   consisted  mostly  of  hard  dead-burned  dolomite   and  was    covered  with 
a  hard]    dark  scale  of  1/8  to  1/4  inch  thick.     The  top   third  of  the  wall   deposit 
in  Run  44A   appeared  to  contain  more   acceptor  than  dead- burned  dolomite. 

The  boot   gas   distributor,    after  Run  44B,   was    covered  with  six  large   chunks 
of  agglomerated  acceptor  material  that   appeared  to  have   fallen  from  the  transition 
area.     The  withdrawal  outlets   in  the  boot  were  restricted  by  these   chunks   and  a 
number  of  smaller  pieces  of  what   appeared  to  be  broken  wall    deposits.     The  large 
agglomerations  probably  formed  during  the  cooling  down  period  following  the  upset 
which  ended  the  run.      Acceptor  circulation  would  not  have  been  possible,  had  the 
deposits  been  in  the  boot  during  the  run.      Additionally,   if  the  deposits  had 
caused  the  terminating  upset,    the  draining  of  the  gasifier  to  the  spent   acceptor 
dump  hopper  would  have  been  impossible  during  the  ensuring  shutdown. 

After  Run  44B,    a  minor  buildup  of  acceptor  was   found  around  the  transition 
section  gas  distributor.      The  deposit  had  plugged   some  of  the  bubble  caps   on  the 
ring.     The  rest  of  the  gasifier  interior  appeared  to  be  in  satisfactory  condition. 

The  regenerator  interior  after  Run  44A  was  in  good  condition.     Only  minor 
dead-burned  dolomite  buildup  was   found  in  the  bottom  cone  behind  the  gas   distri- 
butor ring.     The  walls  were  clean.      After  Run  44B,   the  regenerator  was   also  found 
to  be  clean  and  in  good  condition. 

The  calcined  acceptor  transfer  line  was   clean  and  in  good  condition  at 
the  end  of  each  run. 

4.3.3     Conclusions 

The  results   of  Run  44  negated  all   future  plans  of  demonstrating  pro- 
cess operability  using  the  feedstock  acceptor  combination  of  Wyodak  subbituminous 
and  Minnekahta  limestone.     This    feedstock- acceptor  combination  results   in  an 
equilibrium  acceptor  particle  density  which  is  too  low  to  insure  simultaneous 
control  of  the  char-acceptor  interface  and  the  gasifier  char  bed  density. 

The  low  acceptor  particle  density  is   attributable   to  the  use  of  the  Wyodak 
feedstock.     Equilibrium  acceptor  particle  densities  of  approximately  125  to  130 
LB/CU  FT  were  routinely  obtained  when  Minnekahta  limestone  and  Velva  lignite  were 
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used  in  combination.     These  values   are  sufficient   to  provide  process  stability, 
whereas   the  106  to  110  LB/CU  FT  densities   obtained  with  the  Wyodak   coal   feed- 
stock are  not  adequate. 

The  mechanism  which  causes   the  low  acceptor  density  is  not  now  known. 
Presumably,   the  pressure  or  lack  of  certain  constituents   in  the  Wyodak   coal 
ash  is   responsible.      Before  the  density  problems   can  be  adequately  dealt  with, 
tests   to  determine  the  mechanism  must  be  performed.      For  the  time  being,   the 
conclusion  must  be  made  that  the  only  hope  for  proving  the  compat ability  of 
Wyodak  coal  with  the  CO2  acceptor  process   is   to  utilize  an  acceptor  for  which 
the  equilibrium  particle  density  will  be  significantly  higher  than  that  of 
Minnekahta  limestone. 
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5    FUTURE  PLANS 

Run  45  will  again  attempt  to  demonstrate  the  compatability  of  Wyodak 
subbituminous  coal  feedstock  with  the  C02  acceptor  process.   Run  45  will  have 
objectives  that  are  similar  to  those  for  Run  44.  To  overcome  the  problem  of 
low  equilibrium  particle  density,  Run  45  will  utilize  Tymochtee  dolomite  acceptor 
rather  than  the  Minnekahta  limestone.   In  previous  runs  where  dolomite  was  used 
with  lignite,  higher  acceptor  particle  densities  were  noted  than  were  evident  in 
similar  limestone  lignite  runs.   It  is  hoped  that  dolomite  will  retain  its  higher 
particle  density  when  exposed  to  Wyodak  coal. 
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REFRACTORY     WALL 


MINOR    BUILDUP 
AROUND    RING 


SIDE    VIEW 


HARD  WALL   DEPOSIT   2  -  3    THICK. 
BOTTOM    2/3  APPEARED    TO   BE 
DEAD- BURNED   DOLOMITE,  TOP   1/3 
ACCEPTOR.  HARD,  DARK    SCALE   1/8" 
TO  1/4"  THICK    COVERING  DEPOSIT 


SPENT   ACCEPTOR    OUTLET 
CD -204 


TOP    VIEW 


BED 


TRANSITION 


SIDE    FLOW  DISTRIBUTOR    RING 


BOOT  (I8"|.D.) 


BOTTOM    HEAD   FLANGE 


UAD-206  OUTLET 


BOOT   GAS   DISTRIBUTOR 
(18   BUBBLE    CAPS) 


SIDE   FLOW   DISTRIBUTOR    RING 
(24   BUBBLE    CAPS) 


Figure  44-7.   GASIFIER  DEPOSIT,  RUN  44A 
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REFRACTORY    WALL 


MINOR    BUILDUP    AROUND 
RING    AND    BETWEEN 
BUBBLE     CAPS 


SIDE    VIEW 


BED 


TRANSITION 


SIDE     FLOW   DISTRIBUTOR  RING 


BOOT  (18"  I.  D.) 


HARD    WALL   DEPOSIT    2"-  3     THICK. 
HARD, DARK  SCALE        1/8     THICK 
COVERING    DEPOSIT.  DEPOSIT 
APPEARED    TO  BE    MOSTLY   DEAD- 
BURNED     DOLOMITE.    ■ 


L24"-30" 


SPENT  ACCEPTOR  OUTLET 
CD- 204 


TOP   VIEW 


DEPOSIT   CHUNKS    LAYING    ON    TOP  OF 
AND    IN    CENTER  OF    RING   DISTRIBUTOR. 
CHUNKS    FELL    FROM  TRANSITION    RING 
AND    BOOT    DEPOSIT. 


^-BOTTOM    HEAD    FLANGE 
UAD-206    OUTLET 


BOOT  FLOW   DISTRIBUTOR 
(  |8    BUBBLE  CAPS) 


SIDE  FLOW  DISTRIBUTOR    RING 
(24  BUBBLE  CAPS) 


Figure  44-8.   GASIFIER  DEPOSIT,  RUN  44B 
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Date 


Screen 

S 

ize,  Wt 

Tyl, 

5r 
t-6 

Mesh 

6 

X 

8 

8 

X 

9 

9 

X 

10 

10 

X 

12 

12 

X 

14 

14 

X 

16 

16 

X 

20 

20 

X 

24 

24 

X 

28 

-28 


Ultimate  Analysis,  Wt  % 
Moisture 
C 
H 
S 
N 
Ash  +  S03 

Elemental  Analysis,  Wt  \ 
Si02 
S03 
Na20 
CaO 
MgO 
K20 

A12°3 
Fe203 

p205 
TiOo 


Acceptor 

Minnekahta 

Limestone 

4- 

54.7 

4- 

40.7 

4- 

4.2 
4- 

0.1 
4- 

0.1 
0.2 


3.67 
Tr 
0.08 
94.09 
0.92 
0.08 
0.64 
0.24 
0.04 
Tr 


Screen  Size,  Wt 
Tyler  Mesh 
+8 
8  X  10 
10  X  14 
14  X  20 
20  X  28 
28  X  35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 


Coal  Feedstock 

Wyodak 
Subbituminous 


23.4 


55.6 

4- 
16.7 


4.3 


0 

.00 

66 

.72 

4 

.16 

0 

.70 

0 

.44 

8 

.64 

38, 

.35 

8, 

,71 

1. 

46 

23. 

68 

7. 

63 

0. 

34 

13. 

68 

4. 

42 

0. 

50 

0. 

53 

Table  44-5.   FEEDSTOCK  COMPOSITES,  RUN  44A 
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Date 


Screen  Size,  Wt 
Tyler  Mesh 
+6 
6X8 
8X9 
9  X  10 
10  X  12 
12  X  14 
14  X  16 
16  X  20 
20  X  24 
24  X  28 
-28 


Acceptor 

Minnekahta 
Limestone 

4- 
53.5 

I 
40.6 

4- 

5.1 

4- 

0.3 

4- 

0.2 

0.3 


Screen  Size,  Wt 
Tyler  Mesh 
+8 
8  X  10 
10  X  14 
14  X  20 
20  X  28 
28  X  35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 


Coal  Feedstock 

Wyodak 
Subbituminous 


23.4 


45.2 

4- 
26.7 


4.7 


Ultimate  Analysis,  Wt  % 
Moisture 
C 
H 
S 
N 
Ash  +  S03 

Elemental  Analysis,  Wt  % 
Si02 
SO  3 
Na20 
CaO 
MgO 
K20 
A1203 
Fe203 

P?65 

t!o2 


3.36 
0.06 
0.05 
94.37 
0.73 
0.06 
0.55 
0.26 
0.03 
0.07 


0. 

00 

66. 

27 

4. 

72 

0. 

92 

0. 

44 

8. 

02 

35 

56 

9 

97 

1 

.45 

26 

.70 

5 

.97 

0 

.29 

13 

.16 

4 

.40 

0 

.81 

0 

.54 

Table  44-6.   FEEDSTOCK  COMPOSITES,  RUN  44B 
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Date 


Time 


4/26/77  4/27/77  4/28/77  4/29/77  4/30/77 
Comp.    Comp.    Comp.    Comp.    Comp. 


Screen  Size,  Wt  % 

Tyler  Mesh 

+35 

29.4 

34.9 

56.1 

47.8 

1.3 

35  X  48 

6.6 

9.3 

9.2 

8.4 

4.9 

48  X  65 

5.8 

6.1 

5.1 

6.2 

5.2 

65  X  100 

9.4 

6.1 

4.6 

5.5 

7.1 

100  X  200 

18.5 

13.5 

6.6 

9.0 

20.7 

200  X  325 

14.2 

21.6 

13.4 

16.0 

32.0 

-325 

16.2 

8.5 

5.0 

7.0 

28.8 

Ultimate  Analysis,  Wt  % 

C 

56.20 

54.76 

64.22 

62.03 

59.44 

H 

1.49 

0.91 

1.16 

1.09 

1.27 

N 

0.37 

0.31 

0.30 

0.29 

0.24 

Total  S 

0.69 

0.75 

0.73 

0.73 

0.81 

Ash  +  S03 

28.75 

26.18 

25.26 

25.24 

25.88 

Elemental  Anlaysis,  Wt  % 

Si02 

34.27 

26.12 

28.68 

25.92 

24.17 

so3 

6.12 

7.02 

5.79 

6.26 

8.05 

Na20 

2.01 

0.85 

0.93 

0.97 

1.04 

CaO 

30.82 

42.42 

41.94 

41.26 

41.56 

MgO 

5.57 

5.32 

3.96 

3.86 

2.86 

K20 

0.34 

0.28 

0.32 

0.25 

0.31 

A1203 

14.05 

11.71 

12.24 

15.13 

15.01 

Fe203 

5.88 

4.81 

4.84 

4.36 

5.02 

p2°5 

0.69 

0.65 

0.75 

0.95 

0.80 

Ti02 

0.50 

0.48 

0.59 

0.71 

0.55 

Table  44-15.   GASIFIER  QUENCH  TOWER  SOLIDS,  RUN  44A 
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Date 

Time 

Screen  Size,  Wt  % 
Tyler  Mesh 
+35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 

Ultimate  Analysis,  Wt  % 
C 
H 
N 

Total  S 
Ash  +  S03 

Elemental  Analysis,  Wt  % 
Si02 

so3 

Na20 

CaO 

MgO 

K20 

A1203 

FeoO? 

Tl02 


/14/77 

5/15/77 

5/16/77 

Comp. 

Comp. 

Comp. 

2.3 

29.3 

51.2 

11.6 

18.6 

6.4 

22.2 

13.3 

5.0 

16.0 

10.2 

12.2 

37.0 

22.5 

21.1 

10.6 

5.9 

3.8 

0.3 

0.2 

0.3 

60.41 

63.91 

66.17 

1.21 

1.19 

1.25 

0.38 

0.27 

0.28 

0.62 

0.59 

0.57 

25.53 

23.59 

23.11 

28.08 

24.80 

23.95 

6.20 

6.57 

6.53 

1.30 

1.06 

1.12 

40.30 

40.67 

43.52 

3.04 

4.35 

2.81 

0.29 

0.24 

0.24 

12.82 

12.96 

13.10 

5.94 

5.99 

6.15 

0.95 

1.14 

1.24 

0.76 

0.69 

0.83 

Table  44-16.   GASIFIER  QUENCH  TOWER  SOLIDS,  RUN  44B 
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Date 
Time 

dPR-" 

2030 
2089 
2088 
2087 
2094 
2093 
2001 
2002 
2083 
2019 
2037 
2021 
2022 
2073 
2074 
2075 
2076 
2077 
2024 
2025 
2026 
2102 
2020 
2036 
2028 
2029 
2080 


Chart 

-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 

-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 

-10/10 
0/100 
0/100 

-10/10 
0/100 
0/100 
0/100 


Zero 
PSIG 

9.0 
4.2 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.2 


0 
2 
8 

0 
,0 
3.0 
3.0 
3.0 
4.2 


4. 

9. 

4. 

4. 

9. 

4.8 

4.2 

9.0 


Location* 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 


Range 

In.  W.C. 

PSI 

554.0 

25.0 

168.7 

43.7 

53.9 

115.4 

126.2 

57.1 

57.7 

300.0 

100.0 

50.0 

50.0 

150.0 

180.0 

180.0 

144.0 

144.0 

93.6 

300.0 

40.0 

100.0 

300.0 

100.0 

50.0 

50.0 

40.0 


0700 


3. 
12 
38 
82 
87 
43 
23 
45 
61 
23 
-1. 
87 
44 
43 
67 
75 
33 
14 
58 
29 
-2. 
60 
61 
-5. 
41 
47 
77 


0.00 
69.91 
201.93 
291.30 
332.79 
326.90 
267.98 
201.76 
-99.35 
-119.84 

5.45 
122.10 
283.66 
258.20 
217.38 


4/26/77- 

1130     1500 


1900 


2300 


-*= 4/27/77- 

0300     0700 


1130 


0.00 
69.72 
183.47 
269.02 
343.80 
337.84 
277.59 
213.66 
-99.83 
-134.28 

5.39 
114.25 
301.12 
269.41 
230.06 


Chart  Readings 


3.9 

4.0 

5.7 

5.3 

6.2 

4.5 

4.6 

45 

47 

28 

22 

28 

38 

35 

33.5 

32.5 

30 

31 

29 

31 

32 

69.5 

64 

61 

64 

59 

61 

65 

75 

71 

66 

68 

64 

66 

69.5 

36 

34.5 

32 

34 

31 

32.5 

34.2 

20 

18.5 

18 

18 

16 

17 

18 

44.5 

44.5 

40 

38 

39 

38 

38 

59.5 

57 

56 

S3 

52 

51 

50 

34 

38 

25 

34 

27 

20 

30 

-1.2 

-1.2 

-1.1 

-1.0 

-1.0 

-1.3 

-1.2 

88 

86 

85 

91 

89 

91 

92 

47 

46 

47 

48 

48 

50 

51 

42 

41 

39 

38 

38 

36 

37 

66 

67 

66 

62 

60 

55 

58 

76 

77 

76 

77 

72 

65 

71 

39 

39 

40 

45 

39 

35 

39 

23.5 

32 

30 

43 

30 

22 

33 

63 

64 

78 

72 

77 

66 

69 

28 

27 

40 

46 

40 

32 

30 

-2.7 

-2.7 

-2.3 

-1.0 

-1.0 

-1.1 

-1.0 

53 

53 

44 

48 

44 

46 

47.5 

70 

70 

60 

63 

50 

49 

51 

-6.3 

-6.1 

-7.0 

-6.6 

-5.6 

-4.6 

-4.4 

40 

39 

43 

44 

41 

40 

43 

44 

48 

60 

50 

44 

45 

50 

78 

80 

70 
Pressure, 

80 
In.  W.C. 

80 

** 

75 

78 

0.00 

69.35 

175.68 

257.02 

342.76 

336.87 

277.50 

214.41 

-98.93 

-145.10 

5.45 

114.36 

303.25 

272.22 

231.81 


0.00 

60.22 

159.59 

237.08 

284.40 

279.00 

219.60 

159.46 

-152.13 

-195.50 

4.64 

96.13 

254.68 

219.01 

170.95 


0.00 

56.83 

158.56 

231.60 

303.81 

299.01 

234.69 

174.85 

-157  37 

-223.02 

1.90 

97.67 

268.94 

234.61 

191.84 


0.00 

57.94 

151.01 

220.77 

272.27 

267.43 

203.47 

142.06 

-152.29 

-196.10 

2.00 

95.02 

227.11 

197.65 

159.75 


0.00 

64.23 

165.53 

238.81 

271.85 

265.39 

202.25 

147.42 

■118.64 

-150.69 

2.21 

101.68 

224.91 

201.78 

162.05 


0.00 

66. S2 

167.43 

237.28 

296.66 

291.02 

223.31 

163.87 

-118.04 

-164.85 

2.05 

107.64 

244.07 

220.72 

179.38 


♦Refer  to  Figure  1. 
'♦Static  pressure  at  Location  1  is  150  PSIG. 
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Date 
Time 

dPR-« 

2030 
2089 
2088 
2087 
2094 
2093 
2001 
2002 
2083 
2019 

2037 

2021 

2022 

2073 

2074 

2075 

2076 

2077 

2024 

2025 

2026 

2102 

2020 

2036 

2028 

2029 

2080 


-*S 4/27/77 

1500     1900 


Chart 

-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
-10/10 
0/100 
0/100 
-10/10 
0/100 
0/100 
0/100 


Zero 
PSIG 

9.0 
4.2 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.2 
9.0 
4.2 
4.8 
3.0 
3.0 
3.0 
3.0 

3.0 

4.2 

4.2 

9.0 

4.2 

4.2 

9.0 

4.8 

4.2 

9.0 


Range 

In.  W.C. 

PS  I 

554.0 
25.0 

168.7 
43.7 
53.9 

115.4 
126.2 

57.1 

57.7 
30010 
100.0 

50.0 

50.0 
150.0 
180.0 
180.0 
144.0 
144.0 

93.6 
300.0 

40.0 
100.0 
300.0 
100.0 

50.0 

50.0 

40.0 


4.6 

43 

33 

71 

68 

35 

19 

34 

48 

23 

-1.2 

95 

51 

35 

55 

68 

38 

32 

67 

31 

-l.n 

50 

52 

-5.2 

40 

45 

79 


4.5 

42 

32 

65 

69 

34.5 

19 

35 

47 

23 

-1.1 

95 

48 

34 

57 

67 

35 

24 

68 

31 

-0.9 

49 

50 

-S.4 

40 

55 

76 


2300 


4.3 
55 

33 

66 

71 

35 

18 

35 

47 

14 

-1.1 

90 

42 

34 

56 

64 

32 

22 

65 

32 

-1.0 

50 

46 

-6.0 

40 

45 

75 


0310 


4/28/77- 

0700     1100 


Chart  Readings 


3.6 
42 
33 
68 
72 

35.5 
20 
35 
45 
20 

-1.2 
90 
45 
34 
52 
64 
38 
38 
65 
25 

-1.0 
50 
45 

-6.0 
43 
55 
70 


3.3 

50 

33 

68 

72 

35.5 

20 

33 
44 

23 

-1.1 

87 

43 

34 

55 

64 

35 

25 

55 

22 

-1.0 

52 

50 

-6.0 

40 

53 

70 


3.3 

53 

33 

67 

72 

35.6 

19.5 

32 

43 

25 

-1.2 

87 

42.5 

32.5 

51 

64 

36 

29 

45 

26 

-1.0 

51.5 

52 

-5.5 

40 

55 

78 


1500 


3.2 

55 

32.5 

66 

70.5 

34.6 

19 

31 
41.5 

17 

-1.2 

87 

41.5 

31.5 

38 

61 

33.5 

25 

55 

23.5 

-0.9 

50 

46 

-5.5 

40 

50 

75 


1900 


3.3 

57 

32.5 

66 

70. S 

34.5 

19 

31 

39.5 

12 

-1.2 

89 

44 

27 

45 

59 

31 

22 

54 

24 

-0.9 

49 

41 

-5.4 

41 

SO 

70 


Location* 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 


Pressure,  In.  W.C.** 


0.00 

68.34 

176.38 

247.17 

288.58 

282.70 

216.11 

162.05 

-115.86 

-162.61 

1.99 

110.40 

244.56 

218.04 

178.83 


0.00 

67.13 

170.09 

239.21 

279.64 

274.38 

207.85 

154.14 

-118.27 

-153.08 

1.81 

109.10 

240.03 

211.87 

168.80 


0.00 

71.57 

178.83 

248.24 

263.14 

257.76 

198.21 

145.58 

-117.38 

-149.57 

2.00 

113.71 

229.72 

199.07 

159.97 


0.00 

72.00 

175.57 

242.67 

273.50 

267.94 

203.83 

148.59 

-101.56 

-153.81 

2.11 

116.23 

234.77 

202.60 

159.46 


0.00 

74.39 

180.25 

247.19 

287.24 

282.03 

221.75 

167.57 

-82.52 

-116.92 

2.12 

119.89 

251.97 

220.41 

178.67 


0.00 

72.94 

177.79 

242.68 

288.17 

282.52 

222.20 

170.12 

-82.77 

-123.94 

2.05 

118.13 

257.24 

228.16 

185.69 


0.00 

70.05 

174.56 

238.61 

261.87 

256.11 

197.29 

147.60 

-81.92 

-118.79 

1.78 

112.96 

231.10 

202.48 

161.72 


0.00 

73.68 

177.40 

239.92 

248.72 

243.00 

181.49 

138.56 

-86.14 

-117.23 

1.86 

115.81 

218.94 

190.67 

149.73 


*Refer  to  Figure  1. 
**Static  pressure  at  Location  1  is  150  PSIG. 
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Date 

— s= 

4/29/77 

5— 

4/30/77 

Time 

Zero 

Range 
In.  W.C. 

0300 

0710 

1110 

1505 

1900 

2300 

0300 

1500 

dPR-* 

Chart  1 
-10/10 

PSIG 
9.0 

PSI 

2.4 

2.2 

1.9 

Chart  Readings 
1.6     1.5 

1.6 

3.0 

2030 

554.0 

0.9 

2089 

0/100 

4.2 

25.0 

57 

54 

61.5 

25 

22 

26 

48 

47 

2088 

0/100 

3.0 

168.7 

32.5 

32.5 

37 

34 

35 

34 

34 

33 

2087 

0/100 

3.0 

43.7 

67 

68 

74 

71 

73 

73 

70 

74 

2094 

0/100 

3.0 

53.9 

71 

71 

79.5 

75 

77 

77 

74 

77.5 

2093 

0/100 

3.0 

115.4 

35 

35.5 

37.5 

36.5 

38 

37 

36 

37.5 

2001 

0/100 

3.0 

126.2 

19 

19.5 

21.5 

20 

21 

20 

20 

21.5 

2002 

0/100 

3.0 

57.1 

27 

27.5 

26.5 

28 

27 

27 

26 

24.5 

2083 

0/100 

3.0 

57.7 

36 

35 

35 

34 

33 

33 

32 

32 

2019 

0/100 

4.2 

300.0 

16 

19 

11 

23 

19 

15 

1 

18 

2037 

-10/10 

9.0 

100.0 

-1.2 

-1.1 

-1.3 

-1.2 

-1.2 

-1.2 

-1.2 

-1.2 

2021 

0/100 

4.2 

50.0 

88 

88 

71 

87 

88 

89 

90 

77 

2022 

0/100 

4.8 

50.0 

45 

45 

46 

45 

46 

46 

47 

41 

2073 

0/100 

3.0 

150.0 

26 

26 

26 

25 

24 

24 

23 

23.4 

2074 

0/100 

3.0 

180.0 

43 

42 

27 

40 

35 

33 

33 

35 

2075 

0/100 

3.0 

180.0 

55 

52 

20 

54 

52 

49 

48 

51.5 

2076 

0/100 

3.0 

144.0 

29 

30 

29 

30 

31 

31 

31 

30 

2077 

0/100 

3.0 

144.0 

20 

22 

32 

29 

30 

26 

20 

24 

2024 

0/100 

4.2 

93.6 

44 

45 

42.5 

39 

36 

36 

45 

32 

2025 

0/100 

4.2 

300.0 

19 

18 

14 

14 

14 

15 

25 

11.5 

2026 

-10/10 

9.0 

40.0 

-1.0 

-1.0 

-1.0 

-1.0 

-0.9 

-1.0 

-1.0 

-1.0 

2102 

0/100 

4.2 

100.0 

49 

49 

50.5 

51 

51 

51 

45 

50.6 

2020 

0/100 

4.2 

300.0 

42 

42 

47 

53 

52 

48 

23 

62 

2036 

-10/10 

9.0 

100.0 

-4.0 

-4.0 

-4.6 

-4.6 

-4.4 

-5.0 

-3.2 

-6.8 

2028 

0/100 

4.8 

50.0 

38 

38 

40 

41 

41 

40 

31 

50 

2029 

0/100 

4.2 

50.0 

40 

50 

49 

55 

50 

47 

45 

49 

2080 

0/100 

9.0 

40.0 

75 

70 

65 

70 

70 

70 

75 

75 

Locat: 

Lon* 

Pressure, 

In.  W.C. 

** 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

73.64 

71.76 

53.15 

66.46 

65.98 

65.89 

75.01 

68.28 

3 

179.46 

175.64 

172.23 

177.51 

182.36 

181.43 

178.31 

186.27 

4 

238.38 

233.27 

234.41 

236.98 

242.88 

240.86 

232.30 

246.20 

5 

258.79 

261.54 

240.51 

277.51 

272.35 

258.68 

210.79 

273.09 

6 

253.02 

256.40 

234.16 

271.76 

266.51 

252.82 

205.36 

267.17 

7 

191.97 

193.79 

182.25 

211.11 

205.72 

191.67 

138.85 

215.21 

8 

150.92 

151.71 

141.86 

171.56 

168.28 

154.32 

100.51 

178.99 

9 

-60.70 

-57.69 

-28.15 

-39.45 

-36.03 

-39.16 

-81.45 

-24.52 

10 

-89.03 

-89.30 

-90.39 

-81.28 

-80.22 

-77.18 

-109.34 

-60.25 

11 

2.07 

2.04 

1.33 

2.02 

1.78 

2.00 

2.10 

1.96 

12 

115.45 

114.63 

95.83 

110.41 

109.29 

109.10 

114.71 

110.67 

13 

220.91 

222.77 

214.96 

250.42 

244.18 

231.38 

163.37 

274.38 

14 

200.13 

201.46 

191.45 

226.49 

221.63 

205.81 

145.85 

239.94 

15 

165.07 

162.67 

150.38 

182.80 

179.70 

165.77 

113.83 

193.51 

*Refer  to  Figure  1. 
"Static  pressure  at  Location  1  is  150  PSIG. 
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Date 
Time 

dPR-* 

2030 
2089 
2088 
2087 
2094 
2093 
2001 
2002 
2083 
2019 
2037 
2021 
2022 
2073 
2074 

2075 

2076 

2077 

2024 

2025 

2026 

2102 

2020 

2036 

2028 

2029 

2080 


5/13/77    —£— 
2300     0255 


-5/14/77- 


Chart 

-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
-10/10 
0/100 
0/100 
-10/10 
0/100 
0/100 
0/100 


Zero 
PSIG 

9.0 
4.2 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.2 
9.0 
4.2 
4.8 
3.0 


9.0 

4.8 
4.2 
9.0 


Range 

In.  W.C. 

PSI 

554.0 
25.0 
168.7 
43.7 
53.9 
115.4 
126.2 
57.1 
57.7 
300.0 
100.0 
50.0 
50.0 
150.0 
180.0 
180.0 
144.0 
144.0 
93.6 
300.0 
40.0 
100.0 
300.0 
100.0 
50.0 
50.0 
40.0 


5.6 

62 

32 

67 

70 

33.5 

18 

29 

52 

33 

-1.2 
133*** 

48 

44 

67 

67 

36 

19 

69 

39 

-1.3 

43 

48 

-6.0 

33 

38 

85 


5.5 

69 

32 

68 

70 

34 

18 

36 

51 

24 

-0.3 
130*** 
49 
42 
62 
69 
37 
30 
63 
41 

-1.3 
44 
SO 
-6.4 
38 
45 


0700 


5.7 
66 
32 
67 
69 

33.5 
18 
36 
48 
15 

-0.5 
128*** 
45 
39 
61 
64 
35 
25 
63 
41 

-1.3 
42 
40 
-6.4 
37 
47 
84 


1115 


1500 


1900 


Chart  Readings 


3.6 

60 

33 

68 

69 

35 

19 

35 

45 

35 

-0.2 
126*** 
47 
38 
58 
57 
28 
16 
48 
29 

-1.2 
44 
48 

-5.8 
38 
50 
80 


3.0 
51 
34 
72 
73 
36 
20 
33 
45 
30 

-0.2 
123*** 
47 
38 
57 
62 
33 
25 
46 
23 

-1.4 
46 
60 

-6.0 
40 
55 
80 


3.0 

47 

34 

74 

76 

37 

21 

33 

43 

27 
0.0 
123*** 
44 

38 

53 

60 

36 

33 

49 

23 

-1.4 

46 

61 

-6.0 

34 

50 

81 


2300 


2.9 

62 
34 
73 
74 
36 
20 
31 
43 
16 

-0.2 
121*** 
47 
35 
SO 
54 
27 
15 
47 
23 

-1.3 
46 
52 

-5.7 
35 
44 
81 


5/15/77 
0300    0700 


2.8 

52 

33 

69 

72 

35 

19 

32.5 

42 

22 

0.0 
99 
41 
34 
53 
58 
30 
23 
48 
22 

-1.6 
47 
53 

-6.4 
41 
45 
85 


2.5 

63 

37 

78 

79 

39 

22 

32 

41 

10 

-0.6 

99 

40 

34 

54 

51 

24 

12 

44 

20 

-1.6 

48 

46 

-5.6 

38 

50 

76 


Location* 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 


Pressure,  In.  W.C.** 


0.00 

72.04 

175.13 

242.45 

311.53 

305.79 

219.34 

149.91 

-142.33 

-170.05 

2.62 

107.79 

232.58 

201.27 

169.71 


0.00 

73.77 

179.94 

251.95 

296.09 

294.63 

210.81 

145.74 

-142.66 

-186.14 

2.61 

109.88 

238.52 

205.73 

167.70 


0.00 

75.31 

178.18 

247.31 

264.79 

262.40 

180.38 

118.94 

-147.13 

-182.30 

2.70 

109.92 

209.36 

176.04 

138.23 


0.00 

74.64 

180.29 

248.88 

289.66 

288.69 

207.16 

147.65 

-94.36 

-117.33 

2.46 

111.11 

234.80 

204.79 

164.75 


0.00 

74.68 

186.74 

256.40 

318.30 

317.32 

238.34 

179.60 

-74.19 

-109.48 

2.90 

112.72 

271.66 

241.01 

196.93 


0.00 

71.51 

189.20 

260.20 

314.24 

314.24 

238.12 

180.38 

-74.85 

-122.72 

2.81 

108.89 

268.12 

238.00 

198.62 


0.00 
74.53 
192.13 
262.28 
283.91 
282.89 
208.00 
155.96 
-72.46 
-94.72 
2.58 
111.09 
240.23 
212.25 
174.61 


0.00 

73.34 

179.57 

244.27 

281.66 

281.66 

216.41 

162.46 

-72.75 

-105.20 

3.31 

113.39 

254.33 

220.81 

182.20 


0.00 
82.65 
203 . 04 
271.90 
275.06 
272.14 
208.63 
155.69 
-62.26 
-79.55 
3.29 
122.99 
239.69 
210.91 
170.58 


*Refer  to  Figure  1. 
**Static  pressure  at  Location  1  is  150  PSIG. 
»**dPR-2021  chart  read  100*;  readings  determined  by  dPR-2021  =  dPR-2095  -  dPR-2022. 
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Date 

Time 

Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

V-2   (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

\'20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Fresh  Methanator  Feed  (1) 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (2) 
Temperature,  °F  (3) 
Temperature,  °F  (4) 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

T02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Methanator  Recycle 
e««>d  <^as,  srcM  (wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,   F 
Pressure,  PSIG 
Compositions,  Mol  % 

\2   (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

120 

h'W  (Wet) 
HHV,  Btu/SCF  (Dry) 

Adialatic  Reactor 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

ll2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO,  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Water  Make,  lb/hr 

Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 

Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 
Dowtherm,  °F 


4/27/77   4/28/77   4/28/77   4/28/77   4/28/77   4/29/77   4/29/77   4/J0/77 
2125     0000     0805      1550     2330     0900     1540     0035 


23,600 

25,381 

25,495 

24 , 399 

25,251 

25,472 

25,745 

24.946 

23,301 

25,107 

25,255 

24,121 

24,979 

25,227 

25,460 

24,695 

118 

118 

113 

120 

119 

115 

120 

116 

113 

135 

135 

135 

140 

140 

140 

137 

61.32 

61.12 

60.83 

59.42 

59.62 

59.72 

59.82 

58.72 

3.61 

3.51 

3.81 

4.21 

4.71 

4.81 

5.11 

5.41 

14.63 

14.03 

14.83 

14.23 

14.23 

14.13 

13.83 

14.23 

12.83 

12.83 

12.63 

12.63 

12.42 

12.73 

13.93 

12.93 

7.62 

R.52 

7.92 

9.52 

9.01 

8.62 

7.31 

8.72 

1.27 

1.08 

0.94 

1.14 

1.08 

0.96 

1.11 

1.01 

11.83 

12.02 

12.01 

12.64 

12.53 

12.40 

12.03 

12.65 

375 

373 

372 

366 

361 

367 

379 

366 

19,515 

19,738 

19.787 

21,953 

23,482 

23,088 

22,288 

22,619 

17,927 

18.133 

18.293 

20,432 

21,856 

21,328 

20,516 

20,785 

640 

645 

650 

650 

650 

630 

620 

620 

558 

560 

582 

589 

593 

565 

570 

575 

573 

550 

539 

537 

525 

504 

524 

538 

129 

128 

129 

126 

125 

120 

120 

120 

64.10 

65.20 

64.70 

62.00 

62.80 

62.20 

60.60 

61.30 

4.00 

3.30 

4.20 

4.40 

5.00 

4.20 

5.60 

5.60 

15.60 

15.70 

15.60 

14.60 

15.00 

14.80 

14.40 

15.00 

13,50 

13.60 

13.80 

13.40 

12.90 

13.30 

13.50 

13.50 

2,80 

2.20 

1.70 

5.50 

4,30 

5.50 

5.90 

4.60 

8.13 

8,13 

7.55 

6.93 

6.93 

7.62 

7.95 

8.11 

10.82 

10.46 

10.43 

11.63 

11.33 

11.65 

12.10 

11.75 

394 

399 

399 

384 

382 

383 

379 

383 

a  a , 07c 

At.     Ofl 

n  i  7on 

tn    aiq 

n  tnn 

<*• ,  6 1  "i 

ft  Atf. 

f.l'l 

48,584 

46^821 

21^272 

20,330 

9^654 

9,555 

9,369 

10,123 

123 

124 

130 

152 

152 

172 

152 

154 

138 

140 

135 

135 

135 

140 

133 

ISO 

8.30 

9.40 

5.20 

3.50 

4.00 

2.90 

3.29 

3.05 

7.70 

7.80 

9.50 

10.00 

11.00 

11.60 

13.47 

11.43 

0.00 

0.00 

0.00 

0.00 

o.oo 

0.00 

0.00 

0.00 

83.20 

82.60 

85.00 

86.10- 

82.60 

82.60 

79 .  34 

83.81 

0.80 

0.20 

0.30 

0.40 

2.40 

2.90 

3.89 

1.71 

0.49 

0.30 

0.50 

0.53 

0.54 

0.59 

0.60 

0.48 

16.03 

15.72 

16.54 

16.87 

17.47 

17.84 

18.28 

17.47 

867 

865 

875 

881 

847 

844 

812 

856 

8,852 

8,859 

8,317 

0,145 

9,251 

8,782 

8,707 

8,989 

8.809 

8,833 

8,275 

9,096 

9,201 

8,730 

8,654 

8,946 

85 

70 

85 

85 

83 

82 

87 

81 

108 

108 

105 

99 

90 

78 

93 

96 

8.30 

9.40 

5.20 

3.50 

4.00 

2.90 

3.29 

3.05 

7.70 

7.80 

9.50 

10.00 

11.00 

11.60 

13.47 

11.43 

o.oo 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

83.20 

82.60 

85.00 

86.10 

82.60 

82.60 

79.34 

83.81 

0.80 

0.20 

0.30 

0.40 

2.40 

2.90 

3.89 

1.71 

0.49 

0.30 

0.50 

0.53 

0.54 

0.59 

0.60 

0.48 

16.03 

15.72 

16.54 

16.87 

17.47 

17.84 

18.28 

17.47 

867 

865 

875 

8R1 

847 

844 

812 

856 

NA 

28,300 
565 
585 


0 


400 


NA 

28,200 
570 


450 


294 

28,600 
533 
558 

>3,000 

460 


280 

28,600 
528 

557 

2,490 
417 


362 

28,600 
535 
565 

2,445 
550 


354 

28,700 
525 
561 

>3,000 
460 


353 

28,600 
535 
560 

>3,000 
515 


352 

28,500 
550 
S70 

>3,000 
518 


(1)  Carbonate  tower  overhead  gas  analysis  used  to  calculate  flow. 

(2)  Temperature  at  flow  measuring  orifice. 

(3)  Temperature  of  combined  feed  and  recycle  at  reactor  inlet. 

(4)  Temperature  of  reactor  effluent. 
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RUN  45 


MAY  25  TO  JUNE  10,  1977 


C02  ACCEPTOR  PROCESS  GASIFICATION 
PILOT  PLANT 
RAPID  CITY,  SOUTH  DAKOTA 
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1   SUMMARY 

Run  45  was  conducted  using  Wyodak  subbituminous  coal  as  the  gasi- 
fier  feedstock  and  as  the  auxiliary  fuel  for  the  regenerator.   Tymochtee 
dolomite  was  used  as  the  acceptor  feedstock.  The  objectives  of  the  run 
were:   (1)  to  demonstrate  that  subbituminous  coal  could  be  used  as  a  feed- 
stock to  the  C02  Acceptor  Process  without  the  need  to  inject  air  into 
the  gasifier  as  a  supplemental  source  of  heat,  (2)  to  operate  the  methana- 
:ion  unit  at  280  PSIA,  (3)  to  achieve  sufficiently  stable  pilot  plant 
operation  to  allow  the  completion  of  a  major  sampling  effort  to  characterize 
effluent  streams,  and  (4)  to  operate  the  regenerator  under  slightly  ox- 
idizing conditions  for  a  period  of  24  hours.  All  objectives  were  achieved 
during  the  run. 
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2   TEST  DATA 

Run  45  data  are  presented  graphically  and/or  tabularly  at  the  end 
of  this  run  report.  These  figures  and  tables  include: 

Page 

Figure  45-1.  Differential  Pressure  Transmitter  Location  144 

Pressure  Balance  Calculation 

Figure  45-2.  Acceptor  Activity  and  Acceptor  Makeup 145 

Figure  45-3.  Percentage  Intermediate  Fines,  Char  Bed  Density 146 

and  Circulation  Rate 

Figure  45-4.   Packed  Tube  Reactor  Temperature  Profiles  147 

Thermocouple  No.  3,  1240  HRS  5/31/77 
Thermocouple  No.  7,  1312  HRS  5/31/77 

Figure  45-5.   Packed  Tube  Reactor  Temperature  Profiles  148 

Thermocouple  No.  7,  1210  HRS  and  2230  HRS  6/1/77 

Figure  45-6.   Packed  Tube  Reactor  Temperature  Profiles  149 

Thermocouple  No.  7,  1350  HRS  6/7/77 
Thermocouple  No.  4,  1415  HRS  6/7/77 

Figure  45-7.  Packed  Tube  Reactor  Temperature  Profiles  ....  150 

Thermocouple  No.  7,  1005  HRS  6/8/77 
Thermocouple  No.  3,  1030  HRS  6/8/77 

Figure  45-8.  Packed  Tube  Reactor  Temperature  Profiles  151 

Thermocouple  No.  3,  1945  HRS  6/9/77 
Thermocouple  No.  7,  2030  HRS  6/9/77 

Figure  45-9.  Packed  Tube  Reactor  Temperature  Profiles  152 

Thermocouple  No.  7,  0515  HRS  6/10/77 
Thermocouple  No.  3,  0555  HRS  6/10/77 
Thermocouple  No.  4,  1525  HRS  6/10/77 

Table  45-1.  Gasifier  Data  (5  sheets) 153 

Table  45-2.  Regenerator  Data  (5  sheets) 158 

Table  45-3.  Feedstock  Composites 163 

Table  45-4.  Circulated,  Calcined  Acceptor  (5  sheets) 164 

Table  45-5.  Circulated,  Recarbonated  Acceptor  (5  sheets) 169 

Table  45-6.  Gasifier  Char  Bed  Material  (5  sheets) 174 

Table  45-7.  Gasifier  Char  to  External  Cyclone  (3  sheets) 179 

Table  45-8.  Gasifier  Quench  Tower  Solids 182 

Table  45-9.  Acceptor  Withdrawal  (2  sheets) 183 
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Page 

Table  45-10.  Ash  and  Attrited  Acceptor  (5  sheets) .185 

Table  45-11.   Pressure  Balance  Data  190 

Table  45-12.   Balance  Period  Average  Preheats  191 

Table  45-13.   Methanation  Unit  Process  Conditions  (3  sheets) 192 

Table  45-14.  Packed  Tube  Reactor,  DC-402,  Temperature  Profiles  195 

Table  45-15.   Regenerator  Deposit  Analysis  196 
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SIGNIFICANT  EVENTS  AND  OBSERVATIONS 


3.1    TABULAR  HISTORY  OF  RUN  45 

3.1.1  Objectives 

(1)  Achieve  integrated,  steady-state  operation  with  Wyodak  subbi- 
tuminous  coal  as  the  gasifier  feedstock  and  as  auxiliary  fuel  to 
the  regenerator  with  Tymochtee  dolomite  used  as  the  acceptor 
feedstock. 

(2)  Operate  the  methanation  unit  at  a  higher  pressure  than  had  been 
demonstrated  in  previous  runs  (280  PSIA  versus  approximately  110 
PSIA). 

(3)  Maintain  stable  pilot  plant  operation  to  allow  Radian  Corporation 
of  Austin,  Texas,  to  complete  an  environmental  sampling  program. 

(4)  Operate  the  regenerator  under  neutral  and  oxidizing  conditions 
followed  by  a  voluntary  and  planned  shutdown. 

3.1.2  Accomplishments 

(1)  Operated  the  pilot  plant  in  an  integrated  manner  at  process 
conditions  without  the  need  to  inject  air  to  the  gasifier  for  a 
total  of  124  hours. 

(2)  Radian  Corporation  concluded  their  sampling  program  which  will 
allow  them  to  complete  material  balances  and  establish  effluent 
parameters. 

(3)  Operated  the  methanation  unit  for  the  first  time  at  a  pressure  of 
280  PSIA. 

(4)  Operated  the  regenerator  under  neutral  conditions  (0  to  0.5 
percent  CO  in  the  flue  gas)  and  then  oxidizing  conditions  (0  to 
1.5  percent  02  in  the  flue  gas)  for  periods  of  8  and  30  hours 
respectively. 

3.1.3  Termination  Causes 

The  run  was  ended  voluntarily  after  all  objectives  had  been 
achieved. 

3.1.4  Mechanical  Problems 

(1)    Several  hot  spots  due  to  insulation  voids  developed  in  the  recar- 
bonated  acceptor  standleg  and  the  acceptor  lift  line.   Repairs 
which  were  minor  were  made  during  the  shutdown  turnaround. 
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(2)  An  electrical  power  failure  of  50  seconds  duration  was  experienced 
early  in  the  run  after  process  solids  levels,  acceptor  circula- 
tion, and  operating  conditions  had  all  been  established.  A  power 
failure  of  this  magnitude  would  normally  terminate  a  run.  How- 
ever, the  run  was  saved  by  the  quick  and  appropriate  actions 
taken  by  the  plant  operations  personnel.  All  equipment  was 
restarted  without  difficulty. 

(3)  After  shutdown  a  vessel  inspection  of  the  gasifier  revealed  that 
the  bottom  guide  of  the  gasifier  dipleg  was  broken.  The  lower 
end  of  the  dipleg  was  bent  across  the  gasifier  char  bed.  This  was 
repaired  prior  to  startup  for  Run  46. 

(4)  During  the  gasifier  vessel  inspection,  the  refractory  around  the 
entrance  of  the  gasifier  fuel  char  exit  nozzle  was  found  to  have 
deteriorated.  This  area  was  approximately  3  to  4  inches  in  depth 
and  5  inches  in  diameter.  Patching  was  done  prior  to  Run  46  to 
prevent  continued  deterioration  and  the  possibility  of  gas  bypassing 
the  fluidized  char  bed  by  traveling  under  the  gasifier  refractory. 

3.1.5  Process  Problems 

(1)  The  showering  of  acceptor  particles  through  the  char  bed  was 
greatly  hindered  by  an  accumulation  of  intermediate  fines.  Twice 
during  the  run  the  char  bed  contained  20  or  more  weight  percent 
intermediate  fines  material.   Because  of  this,  the  acceptor 
circulation  had  to  be  cut  back  in  order  to  limit  the  char  bed 
density  to  an  acceptable  level.  The  reduction  in  acceptor  cir- 
culation in  turn  required  the  reinjection  of  air  into  the  gasi- 
fier in  order  to  maintain  the  gasifier  temperature  and  coal 
throughout. 

(2)  On  the  last  day  of  operation,  difficulty  was  encountered  main- 
taining acceptor  circulation  through  the  overhead  transfer  line. 
Formation  of  a  small  deposit  on  the  metal  grating  over  the  inlet 
had  restricted  flow  of  acceptor  material  into  the  line. 

3.2    CHRONOLOGY  OF  OPERATIONS 


Description 

Started  pressuring  up  the  system 
Started  the  static  pressure  test. 
Finished  the  static  pressure  test. 
Began  grinding  char  to  tote  bins  in  the 
100  area. 


Hours 

Date 

Time 

Run 

5/25 

1012 

it 

1200 

n 

1705 

ii 

1900 

2200 


Started  compressors  to  recycle  gas  through 
unit  for  system  heatup. 
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tl 

0930 

II 

1010 

II 

1645 

5/27 

0130 

ii 

0530 

it 

1005 

Hours 
Date    Time     Run  Description 

5/25    2215  Lit  off  the  process  gas  heaters. 

"      2315  Finished  filling  tote  bins  with  char. 

Shut  down  the  100  area. 
5/26    0720  J-202,  main  air  compressor,  shut  down  for 

maintenance  due  to  hot  second  stage 

suction  valve. 

J-202  repaired  and  placed  on  line. 

Ran  the  heater  differential  pressure  tests. 

Began  grinding  Wyodak  subbituminous  coal 

for  the  preheater. 
1745  Started  feeding  dead-burned  dolomite  to 

the  gasifier  via  F-204A,  fresh  lignite 

feed  lockhopper. 
1945  LCV-2003,  gasifier  boot  acceptor  level 

control  valve,  stuck  open  and  transferred 

the  contents  of  the  gasifier  to  the 

regenerator. 
2015  Started  feeding  dead-burned  dolomite  to 

the  regenerator  via  F-206,  fresh  acceptor 

feed  lockhopper. 

Initiated  solids  circulation. 

Started  the  solids  circulation  tests. 

Finished  the  solids  circulation  tests. 

Started  the  acceptor  lift  line  gas  flow 

tests. 
1055  Finished  the  gas  flow  tests.   Placed  the 

zinc  oxide  unit  on  line. 

Initiated  steam  flow  to  the  gasifier  side. 

Started  feeding  char  to  the  gasifier  via 

F-204A,  fresh  lignite  coal  feeder. 

Ran  the  B-207,  steam  superheater,  heater 

differential  pressure  tests. 

Finished  grinding  Wyodak  coal  for  the  pre- 
heater, shut  down  the  100  area. 

Lost  the  char/dead-burned  dolomite  inter- 
face in  the  gasifier  boot  due  to  low  boot 

flow. 

Regained  the  gasifier  boot  interface. 

The  gasifier  process  gas  line  to  F-314, 

gasifier  overhead  knock-out  vessel,  leaking. 
1615  Stopped  acceptor  circulation.   Began 

emptying  the  gasifier  in  order  to  repair 

the  gas  line  to  F-314. 
1635  Blocked  in  the  zinc  oxide  units. 

I945  Initiating  gas  flows  back  into  the  gasifier. 

NOTE:   In  order  to  clean  out  the  bypass 
valve  on  the  F-314  system,  all  gas  flow 

into  the  gasifier  had  to  be  shut  off. 
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II 

1145 

II 

1235 

II 

1320 

II 

1330 

II 

1410 

II 

1430 

II 

1515 

Hours 

Date 

Time 

Run 

5/27 

2000 

it 

2100 

5/30 

ii 


2225 


5/28 

0755 

n 

0920 

ii 

1045 

ii 

1305 

ii 

1310 

ii 

1530 

it 

1745 

ii 

1815 

n 

1830 

ii 

2345 

5/29 

0025 

ii 

0330 

ii 

0523 

ii 

0545 

ii 

0920 

it 

1025 

it 

1200 

2400 

0020 
0135 

0615 


0720 


Description 

Preparing  to  transfer  dead -burned  dolo- 
mite from  the  regenerator  to  the  gasifier. 
Emptying  the  gasifier  again  in  order  to 
insert  blinds  on  the  block  valves  on  the 
F-314  system. 

F-314  blocked  off  and  beginning  to  esta- 
blish gas  flows  to  the  gasifier. 
Initiated  dead-burned  dolomite  circulation. 
Began  feeding  dead-burned  dolomite  to  the 
regenerator. 

Initiated  steam  flow  to  the  gasifier  side. 
Began  feeding  char  to  the  gasifier  via 
F-204A. 

Placed  the  zinc  oxide  units  on  line. 
Initiated  air  flow  to  the  gasifier  side. 
Lost  the  gasifier  boot  interface  apparently 
due  to  the  gasifier  back  pressure  control 
valve  sticking  in  the  open  position. 
Regained  the  gasifier  boot  interface. 
Initiated  steam  flow  to  the  gasifier  boot. 
Initiated  char  transfer  to  the  regenerator. 
Initiated  auxiliary  Wyodak  coal  feed  to 
the  regenerator  via  F-226. 
Regenerator  at  1800°F. 
Began  feeding  Wyodak  subbituminous  coal 
to  the  gasifier  via  F-204A. 
Began  grinding  Wyodak  coal  for  the  preheater, 
Fresh  dolomite  makeup  started. 
Initiated  CCL  gas  flow  to  the  gasifier  side. 
Started  the  air/steam/recycle  gas  flow 
changes. 

Continuing  to  proceed  with  the  gasifier 
gas  flow  changes. 

All  air  removed  from  the  gasifier  side  flow. 
Initiated  the  gasifier  process  gas  flow 
to  the  front  end  of  the  methanation  unit. 
F-204A  removed  from  service  to  allow  main- 
tenance to  remove  metal  rod  which  had 
fallen  into  the  hopper. 
Cutting  back  on  Wyodak  coal  feed  to  the 
gasifier  in  order  to  maintain  coal  feed 
until  F-204A  is  repaired.  Stopped  char 
transfer  to  maintain  the  gasifier  bed 
level,  increased  auxiliary  coal  feed  to 
maintain  the  regenerator  bed  temperature. 
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Hours 

Date 

Time 

Run 

5/30 

1005 

ir 

1155 

it 

1350 

Description 

F-204A  repaired  and  back  on  line,  begin- 
ning to  return  to  normal  operating  conditions 
Initiated  char  transfer. 
Experienced  loss  of  commercial  electric 
power  to  the  plant.  All  compressors  and 
heaters  shut  down.   Process  gas  to  the 
methanation  unit  shut  off. 
1400  Recovering  from  the  power  failure.  System 

returning  to  operating  conditions  without 
any  adverse  effects  evident. 
1800  Initiated  synthesis  gas  flow  to  the  front 

end  of  the  methanation  unit. 
2*45  All  recycle  process  gas  out  of  the  gasi- 

fier  boot  flow. 
5/31    0030  Synthesis  gas  flow  started  through  the 

entire  methanation  unit. 
2400  Continuing  with  normal  operation  of  the 

main  unit. 
6/1     1220  Initiated  air  flow  to  the  gasifier  side. 

Beginning  a  period  of  "dejunking"  the 
system.  Continuing  the  "dejunking"  pro- 
gram in  order  to  decrease  the  bed  density 
of  the  gasifier. 
6/2     0825     100.9      Lost  the  interface  in  the  gasifier  boot 

when  the  boot  flow  was  purposefully  cut  in 
an  attempt  to  lower  the  char  bed  density. 
Stopped  coal  feed,  char  transfer,  process 
gas  to  methanation  unit,  and  acceptor 
circulation.  Removed  steam  flow  from  the 
gasifier  boot  flow  and  introduced  recycle 
gas. 

Regained  the  gasifier  boot  interface. 
Resumed  feeding  Wyodak  coal  to  the  gasifier. 
0       Regenerator  at  1800°F. 

1.3      Lost  the  gasifier  interface  during  gasifier 
boot  steam  flow  change-out. 
Stopped  grinding  coal  in  order  for  main- 
tenance to  work  in  the  100  area. 
Regained  the  gasifier  interface. 
0       Regenerator  at  1800°F. 

Initiated  steam  flow  to  the  gasifier  boot. 
Began  grinding  coal  to  the  preheater. 
Initiated  char  transfer. 
Initiated  synthesis  gas  flow  to  the  front 
end  of  the  methanation  unit. 
0025  Started  the  air/steam/recycle  process  gas 

flow  changes  to  the  gasifier. 
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Description 

Lost  the  gasifier  boot  interface  and  char 

transfer  when  gasifier  char  bed  density 

increased  to  44  LB/CU  FT.   Stopped  acceptor 

circulation,  coal  feed,  and  process  gas 

to  the  methanation  unit.   Replaced  the 

steam  flow  to  the  gasifier  boot  with  recycle 

gas. 

Regenerator  at  1800°F. 

Began  feeding  Wyodak  coal  to  the  gasifier. 

Introduced  steam  flow  into  the  gasifier 

boot. 

Initiated  char  transfer. 

Initiated  the  air/steam/recycle  process 

gas  flow  changes  to  the  gasifier. 

Continued  with  normal  flow  changes  to  the 

gasifier  and  lining  the  system  out. 

All  air  out  of  the  gasifier  side  flow. 

All  recycle  process  gas  out  of  the  gasifier 

boot  flow. 

Initiated  synthesis  gas  flow  through  the 

gas  purification  section  of  the  methanation 

unit. 

Synthesis  gas  flow  initiated  through  the 

methanation  unit. 

Experienced  trouble  maintaining  char  transfer. 

Lost  and  reestablished  it  three  times. 

Shut  down  the  100  area  for  maintenance. 

Removed  synthesis  gas  from  the  methanation 

section  to  allow  repair  of  leaking  Dowthern 

pump.  Synthesis  gas  flow  through  the  front 

end  of  the  methanation  unit  only. 

Resumed  grinding  Wyodak  coal  for  the  preheater. 

Resumed  synthesis  gas  flow  through  the 

methanation  unit  reactor. 

Placed  the  Elliott  turbine  blade  test 

stand  on  line. 

The  density  of  the  gasifier  upper  bed  hard 

to  control. 

Initiated  air  flow  to  the  gasifier  side 

in  order  to  maintain  1530°F  in  the  gasifier 
bed. 

Removed  the  Elliott  test  stand  from  service 

because  it  was  interfering  with  system 

pressure  balance. 

Removed  synthesis  gas  from  the  methanation 

section  of  the  methanation  unit. 

Established  the  low  CO  "neutral"  period  in  the 

regenerator. 
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Hours 
Date    Time     Run 


Description 


6/9     0855  Neutral  period  looks  good,  establishing  an 

oxidizing  environment  in  the  regenerator. 
1120  Starting  synthesis  gas  flow  through  the 

methanation  section. 
6/10    0900  Shut  down  the  100  area. 

1525  Returning  to  a  reducing  environment  in  the 

regenerator  in  preparation  for  shutting 
the  unit  down. 
1600     168.8      Initiated  shutdown  procedure  in  the  200 

area  for  a  voluntary  shutdown. 
1604  Shut  down  the  methanation  unit. 

6/11    0330  System  depressured. 
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4   RESULTS  AND  DISCUSSION 

4 . 1    BACKGROUND 

Three  runs  (Runs  38,  41  and  44)  had  been  dedicated  to  demon- 
strating that  Wyodak  subbituminous  coal  could  be  used  as  a  feedstock  to 
the  C02  Acceptor  Process.  All  three  runs  failed  to  achieve  this  goal. 
This  was  due  to  the  low  equilibrium  acceptor  particle  density  (105  to 
110  LB/CU  FT  which  was  always  obtained  when  Wyodak  subbituminous  coal 
and  Minnekahta  limestone  were  used  in  combination  as  feedstock  and 
acceptor  respectively.  The  equilibrium  acceptor  particle  density  was 
too  low  to  allow  simultaneous  stability  of  the  acceptor  showering  rate 
through  the  gasifier  char  bed  and  the  char-acceptor  interface  control. 

When  Run  45  was  scheduled,  time  was  becoming  a  critical  factor 
for  the  completion  of  the  operational  phase  of  the  pilot  plant  program. 
A  high  density  acceptor  was  needed  if  the  use  of  the  Wyodak  coal  feed- 
stock was  to  be  demonstrated.  Therefore,  the  decision  was  made  to  use 
Tymochtee  dolomite  as  the  active  acceptor.  This  was  done  based  upon  the 
high  acceptor  particle  densities  (approximately  150  LB/CU  FT)  which  had 
been  obtained  in  earlier  runs  when  dolomite  and  lignite  were  used  in 
combination. 

The  major  objective  for  Runs  43A  and  43B  was  to  observe  the 
regenerator  operation  when  the  reactor  was  operated  under  neutral  and/or 
oxidizing  conditions.  This  objective  was  not  achieved  due  to  early  run 
terminations,  which  are  discussed  in  the  Run  43  report.  To  make  up  for 
this  lost  time,  the  Run  43  objective  was  included  as  an  additional 
objective  for  Run  45.  The  plan  was  to  first  demonstrate  pilot  plant 
operation  using  the  subbituminous  coal  feedstock  and  then  to  operate  the 
regenerator  under  neutral  and  then  oxidizing  conditions. 

4.2    ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  pilot  plant  operations  for  Run  45  are  summarized  below: 

Hours  of  gasification  without  air 

flow  to  the  gasifier  -  124 

Hours  of  gasification  without  re- 
cycle flow  to  the  gasifier      -  190 

Hours  at  system  pressure  -  397 

Hours  at  process  temperatures      -  293 
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Hours  with  subbituminous  feed      -  290 

Hours  with  active  6X9  dolomite 

feed  -  295 

Hours  of  acceptor  circulation      -  327 

Hours  of  low  CO  (neutral)  con- 
ditions in  the  regenerator      -    8 

Hours  of  oxidizing  (0-1.5%  0  ) 

conditions  in  the  regenerator    -   30 

In  addition  to  the  above  accomplishments,  two  balance  periods  were 
achieved.  A  24-hour  balance  period  at  steady-state  conditions  occurred 
when  there  was  no  air  going  to  the  gasifier,  and  a  7-hour  balance  period 
occurred  when  the  regenerator  was  under  oxidizing  conditions. 

The  ongoing  environmental  characterization  program  which  is  being 
conducted  by  Radian  Corporation  achieved  the  following  objectives  during 
this  run: 

(1)  Gasifier-regenerator  system  process  gas  characterization  and 
material  balance  sampling. 

(2)  Gasifier  product  gas  quench  system  process  gas  characterization 
and  material  balance  sampling. 

(3)  Regenerator  flue  gas  quench  system  process  gas  characterization 
and  material  balance  sampling. 

(4)  Nickel  and  iron  carbonyl  gas  sampling  of  the  methanation  area 
gas  streams. 

(5)  Additional  parameters  characterization  of  the  pilot  plant  waste- 
water effluents. 

(6)  Sulfur  species  characterization  of  the  regenerator  and  gasifier 
exit  gases. 

4.2.2  Plant  Data 

The  pertinent  data  for  Run  45  is  presented  in  Tables  45-1  through 
45-12.  Operating  conditions  are  shown  in  Tables  45-1  and  45-2.   Feed- 
stock composite  analyses  are  presented  in  Table  45-3.  Effluent  and 
circulated  process  stream  solids  analyses  are  shown  in  Tables  45-4 
through  45-10.   Pressure  balance  data  and  calculated  pressure  balances 
are  given  in  Table  45-11.   Locations  and  elevations  of  the  pressure 
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points  are  shown  in  Figure  45-1.  The  raw  pressure  balance  data  was 
corrected  as  described  in  the  Run  17  report  and  forced  to  converge  as 
explained  in  the  Run  28  report.   Preheats  of  the  feed  streams  are  given 
in  Table  45-12  for  the  two  balance  periods. 

4.2.3  Activity 

The  activity,  which  serves  as  a  measure  of  the  acceptor's  ability 
to  react  with  CO  ,  is  plotted  as  a  function  of  time  in  Figure  45-2.   Run 
45  was  of  sufficient  length  to  allow  the  complete  change-out  of  dead- 
burned  dolomite.  An  examination  of  Figure  45-2  shows  an  uncharacteristic 
maxima  in  the  activity  versus  time  plot.  An  examination  of  plant  operating 
conditions  reveals  that  during  the  early  part  of  the  run  the  regenerator 
temperature  may  not  have  been  high  enough  to  completely  calcine  the  ac- 
ceptor material.   If  the  acceptor  was  not  completely  calcined,  the  ap- 
parent activity  would  be  greater  than  the  actual  activity.   During  this 
time  period,  a  high  fresh  acceptor  makeup  rate  of  up  to  1100  LB/HR  was 
necessary  to  compensate  for  the  holdup  of  acceptor  material  in  the  gasi- 
fier  char  bed  and  to  maintain  an  acceptable  regenerator  bed  level.  The 
higher  rate  decreased  the  average  age  of  the  acceptor  particles  and  thus 
tended  to  increase  the  measured  activity.  After  acceptor  makeup  was  re- 
duced and  held  constant  at  a  560  LB/HR  rate,  the  acceptor  activity 
leveled  off  at  a  value  of  0. 10  to  0. 13.   It  was  not  anticipated  that  the 
equilibrium  acceptor  activity  would  decline  to  this  level,  and  further 
investigation  will  be  necessary  to  determine  possible  causes. 

4.2.4  Methanation  Unit  Operation 

During  Run  45  the  methanation  unit  was  operated  for  a  total  of 
139  hours.   Because  of  a  process  upset  in  the  main  gasification  section 
and  mechanical  problems  with  the  methanation  unit  equipment,  the  methana- 
tion unit  was  started  up  and  shut  down  four  times  during  the  run.  The 
first  shutdown  occurred  after  56  hours  of  operation  on  June  2,  1977, 
when  the  char-acceptor  interface  was  lost  in  the  gasifier  (see  Chronology 
of  Operations  Section).  Since  lignite  feed  to  the  gasifier  was  stopped 
at  the  time,  the  production  of  synthesis  gas  was  greatly  reduced  and  the 
methanator  was,  therefore,  taken  off  line. 

The  second  methanator  shutdown  occurred  on  June  6,  1977,  after 
9  hours  of  operation.  The  methanator  was  taken  off  line  to  allow  assess- 
ment of  a  seal  leak  on  the  J-401B  Dowtherm  circulation  pump.  The  spare 
pump  was  then  put  in  service,  and  the  methanator  was  brought  back  on 
line. 

The  third  shutdown  following  45  hours  of  operation  on  June  8, 
1977,  was  required  to  allow  the  maintenance  department  to  repair  a 
packing  leak  on  the  J-306  compressor  which  was  being  readied  for  use 
to  boost  the  methanation  unit  feed  gas  pressure  to  near  300  PSI.  Finally, 
the  fourth  shutdown  occurred  on  June  10,  1977,  after  29  hours  of  opera- 
tion.  The  shutdown  this  time  was  in  response  to  the  voluntary  shutdown 
of  the  main  gasification  section. 
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Two  objectives  were  established  for  the  Run  45  methanation  unit 
operation.   The  first  objective  was  to  establish  normal  operating  condi- 
tions with  thg  peak  operating  temperature  in  the  packed  tube  methanator 
at  850  to  900  F.  These  conditions  were  to  be  maintained  long  enough  for 
Radian  Corporation  personnel  to  again  sample  the  methanation  unit  gas 
streams  for  iron  and  nickel  carbonyls.   During  Run  44A  time  permitted 
sampling  of  only  three  of  the  five  streams  of  interest.   During  Run  45 
all  five  streams  were  sampled.  The  streams  sampled  were:   (1)  the  hot 
potassium  carbonate  tower  feed  gas,  (2)  the  carbonate  tower  effluent, 
(3)  the  packed  tube  methanation  reactor  feed  gas,  (4)  the  packed  tube 
methanation  reactor  effluent,  and  (5)  the  adiabatic  methanation  reactor 
effluent. 

The  second  objective  for  the  run  was  to  operate  the  methanation 
unit  for  the  first  time  at  an  elevated  pressure.  This  was  to  be  done 
after  the  Radian  sampling  effort  was  completed.  A  booster  compressor, 
J-306,  was  provided  in  the  original  design  so  that  the  study  of  the 
packed  tube  methanator  operation  would  not  be  limited  to  one  feed  gas 
pressure  level.  The  compressor,  J-306,  was  located  between  the  car- 
bonate tower,  E-303,  and  the  hydrodesulfurizer  furnace,  B-301 . 

The  process  operating  conditions  for  the  run  are  shown  in  Table 
45-13.  The  packed  tube  methanator  temperature  profiles  that  were  mea- 
sured are  listed  in  Table  45-14  and  are  plotted  in  Figures  45-4  through 
45-9  for  the  reader's  convenience. 

Recycle  ratios  (wet  recycle  gas  rate  to  dry  feed  gas  rate)  as  low 
as  0.19  were  routinely  achieved  during  the  low  pressure  operation  for 
Run  45.  These  are  the  lowest  recycle  ratios  achieved  to  date.  The 
ability  to  reduce  the  recycle  ratios  appears  to  be  due  to  the  flattening 
of  the  temperature  profile  peak  in  the  packed  tube  methanator.   In  past 
runs  much  sharper  temperature  profiles  were  obtained.  A  sharp  profile 
required  that  most  of  the  heat  generated  by  the  methanation  reaction  had 
to  be  removed  through  a  short  length  of  the  catalyst  filled  tube.   In 
other  words,  only  a  small  amount  of  the  surface  area  was  actually  avail- 
able for  heat  transfer.   Recycle  ratios  were,  therefore,  high  in  order 
to  limit  the  peak  temperature  level.   The  broadening  of  the  temperature 
profile  in  Run  45  increased  the  available  surface  area  for  heat  trans- 
fer. Thus,  much  lower  recycle  ratios  were  used  to  limit  the  maximum 
temperature  peak. 

The  temperature  peak  broadening,  although  beneficial  with  respect 
to  reducing  the  need  for  recycle,  is  of  concern  since  it  may  indicate 
catalyst  deactivation.   If  the  catalyst  is  deactivating,  the  cause  can- 
not be  determined  until  the  catalyst  is  removed  from  the  reactor  and 
analyzed.  Since  the  packed  tube  reactor  is  still  operating  in  a  satis- 
factory manner,  there  are  no  immediate  plans  for  catalyst  removal. 
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Relatively  low  recycle  ratios  (0.3  to  0.39)  were  also  achieved 
for  the  high  pressure  operation  period  (June  9-10,  1977).  The  recycle 
ratios  were  higher  than  those  achieved  for  the  low  pressure  operation, 
but  this  is  to  be  expected  since  the  higher  operating  pressure  would 
normally  favor  an  increase  in  the  methanation  reaction  rate. 

The  flow  rates  reported  in  Table  45-13  were  calculated  directly 
from  measured  process  variables  (gas  compositions,  streams  temperature 
and  pressure,  and  orifice  flow  meter  readings) .  Errors  in  the  measure- 
ment of  these  variables  can  quickly  lead  to  enormous  errors  in  the  cal- 
culated flow  rates  and  to  excessive  heat  and  material  balance  closures. 
The  data  presented  in  the  Table  45-13  were  used  to  calculate  overall 
mass  balances  around  the  packed  tube  reactor.   For  the  period,  May  31, 
1977  through  June  8,  1977,  the  ratio  of  the  output  mass  to  the  input 
mass  ranged  from  0.86  to  1.30  with  the  average  being  1.08.  The  average 
value  of  1.08  is  considered  to  be  marginally  acceptable.  One  would  hope 
that  material  balance  closure  of  5  percent  could  be  routinely  main- 
tained. 

For  the  period,  June  9-10,  1977,  the  output  to  input  mass  ratios 
ranged  from  1.33  to  1.43  with  an  average  of  1.35.  This  is  clearly  much 
too  high  if  meaningful  heat  and  material  balance  calculations  are  to  be 
performed.  At  this  time,  it  is  impossible  to  definitely  determine  which 
flow  or  flows  were  in  error.  Therefore,  the  high  pressure  operation 
for  Run  45  must  be  considered  primarily  as  a  test  of  the  integrity  of 
the  booster  compressor  and  the  equipment  downstream  of  the  compressor. 
Evan  if  accurate  gas  flow  rates  had  been  obtained,  the  data  would  be 
of  limited  value  because  of  the  nontypical  synthesis  gas  analyses  that 
were  obtained  for  the  high  pressure  operation.  The  synthesis  gas  con- 
tained excessive  amounts  of  nitrogen  since  air  was  being  used  to  help 
maintain  the  gasifier  temperature  near  the  end  of  the  run.  Therefore, 
the  methanated  product  gas  heating  value  was  very  low  (only  about  525 
BTU/SCF) . 

4 . 3    PROBLEMS 

4.3.1  Deposits 

The  gasifier  reactor  was  found  to  be  very  clean  after  the  run. 
There  were  the  normal  deposits  in  the  gasifier  boot  between  the  gas 
distribution  ring  and  the  refractory  wall  and  in  the  coned  bottom  of 
the  regenerator  at  the  recarbonated  acceptor  lift  line  exit.  These 
deposits  are  the  result  of  localized  nonfluidization  and  consisted  pre- 
dominantly of  dead-burned  dolomite.   Both  deposits  were  small  in  size 
and  did  not  cause  any  operational  problems. 

An  inspection  of  the  upper  part  of  the  regenerator  revealed  that 
the  vessel  was  essentially  free  of  deposits.  A  thin  wall  scale  covered 
the  upper  two-thirds  of  the  vessel  and  was  about  one-fourth-inch  thick. 
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All  of  the  thermocouple  probes  were  covered  with  a  three-fourths-inch 
thick  deposit  of  material.  The  metal  grates  which  protect  the  inlets 
to  the  calcined  acceptor  standleg  and  the  purged  acceptor  withdrawal 
nozzle  were  partially  plugged  with  this  material.  Approximately  one 
pound  of  material  was  removed  from  the  metal  grate  over  the  calcined 
acceptor  standleg  inlet. 

An  analysis  of  material  removed  from  the  metal  grate  is  presented 
in  Table  45-15.  These  deposits  were  similar  in  appearance  to  wall  de- 
posits observed  in  previous  runs  which  were  agglomerations  of  acceptor 
fines  that  were  enriched  in  silica  and  sulfur.  Apparently,  the  deposits 
were  the  result  of  transient  liquids  which  occurred  due  to  the  oxidizing 
state  of  the  regenerator  (see  background  section  of  Run  43) .  This  is 
inferred  because  erratic  circulation  through  the  calcined  acceptor 
standleg  occurred  at  the  end  of  the  30-hour  period  during  which  the 
regenerator  was  operated  under  oxidizing  conditions. 

It  had  been  anticipated  that  if  transient  liquids  were  formed  in 
the  regenerator  during  the  oxidized  period  that  massive  deposits  would 
form  rapidly.  The  small  amount  of  deposits  found  in  the  regenerator  was 
encouraging;  but  due  to  the  short  time  of  operation  under  oxidizing  condi- 
tions, a  conclusion  cannot  be  drawn  as  to  whether  deposit  formation  on  the 
walls  of  the  regenerator  would  cause  eventual  problems.  As  for  the  de- 
posits on  the  metal  grates,  it  is  possible  that  recessing  the  grating 
inside  the  nozzles  or  making  the  grating  of  a  different  material  such 
as  ceramic  would  reduce  or  eliminate  the  conditions  which  resulted  in  the 
grate  serving  as  a  nucleation  site  for  deposit  formation. 

No  deposits  or  line  scales  were  found  in  the  calcined  acceptor 
standleg  during  the  inspection  after  shutdown.  Observations  of  prior 
runs  would  indicate  that  components  in  the  coal  ash  may  play  an  im- 
portant role  in  the  formation  of  line  scale.   Based  on  this  run,  it 
would  appear  that  line  scale  formation  is  not  promoted  by  subbituminous 
coal  as  readily  as  by  lignite  coals. 

4.3.2  Intermediate  Fines 

The  major  problem  faced  during  this  run  was  a  high  accumulation 
of  intermediate  fines  in  the  gasifier  char  bed.  Twice  during  Run  45  air 
was  reinjected  into  the  gasifier  to  maintain  the  char  bed  temperature. 
This  was  necessary  because  of  the  high  accumulation  of  intermediate 
fines,  which  inhibited  showering  of  acceptor  particles  through  the  char 
bed. 

Figure  45-3  is  a  plot  of  intermediate  fines,  bed  density,  and 
acceptor  circulation  rate  as  functions  of  time.   The  graph  shows  that 
the  fines  rapidly  accumulated  in  the  char  bed  until  over  20  percent 
of  the  bed  consisted  of  -20  mesh  nonchar  material.   In  past  runs,  the 
major  source  of  intermediate  fines  material  was  silica  rich  constituents 
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in  the  coal  feedstock.  An  inspection  of  data  presented  in  Table  45-5 
shows  that  although  the  -20  mesh  material  was  enriched  in  silica,  the 
material  itself  was  predominantly  dolomite.  This  indicates  that' the 
primary  source  of  intermediate  fines  for  this  run  was  the  acceptor  mate- 
rial. A  qualitative  examination  of  the  circulating  acceptor  revealed 
that  the  first  cycle  dolomite  was  extremely  soft,  but  that  the  aged  dolo- 
mite was  as  hard  or  harder  than  aged  limestone  acceptor.   Apparently, 
much  of  the  intermediate  fines  production  was  due  to  breakage  of  soft 
acceptor  particles.  This  breakage  may  have  occurred  mainly  in  the  new 
refractory-lined  acceptor  lift  line,  which  is  much  rougher  due  to  cracks 
and  joints  than  the  original  metal  line. 

Initially,  acceptor  circulation  was  at  a  high  rate.   This  caused 
a  net  accumulation  of  intermediate  fines  in  the  gasifier  char  bed  because 
fines  material  was  being  transferred  to  the  gasifier  at  a  greater  rate 
than  it  was  being  removed.  As  the  circulation  rate  was  lowered,  the 
intermediate  fines  level  in  the  gasifier  char  bed  continued  to  increase. 
High  char  bed  density  followed  the  increase  in  intermediate  fines  level. 
In  an  attempt  to  rid  the  system  of  intermediate  fines,  the  following  steps 
were  taken: 

(1)  Air  was  reinjected  into  the  gasifier  to  allow  acceptor  circulation 
to  be  reduced  and  still  maintain  temperature.   By  reducing  the 
circulation  rate,  control  of  the  gasifier  char  bed  density  would 
be  regained.   Less  -20  mesh  material  would  be  transferred  to  the 
gasifier  from  the  regenerator  and  more  -20  mesh  material  might  be 
rejected  from  the  gasifier  than  was  entering. 

(2)  Gas  flow  to  the  gasifier  boot  was  decreased.  This  would  lower 
the  gas  velocity  and  should  allow  more  fines  material  to  shower 
through  the  transition  section  and  into  the  boot  for  transfer 
to  the  regenerator. 

(3)  Auxiliary  fuel  to  the  regenerator  was  lowered  to  allow  an  in- 
crease in  the  transfer  of  gasifier  char.   Increasing  the  char 
transfer  rate  would  also  increase  the  amount  of  intermediate 
fines  which  are  removed  from  the  gasifier  char  bed. 

These  efforts  proved  unsuccessful.  This  was  partially  due  to  the 
tact  that  during  the  dej unking  period  there  were  unusually  high  acceptor 
makeup  rates  (see  Figure  45-2)  causing  high  amounts  of  soft  fresh 
acceptor  to  be  present.  Actual  purging  of  intermediate  fines  was  ac- 
complished primarily  as  a  result  of  a  gasifier  upset  which  forced  most 
ot  the  gasifier  acceptor  and  intermediate  fines  inventory  to  be  trans- 
ferred to  the  regenerator.   Because  calcined  acceptor  circulation  had 
been  stopped  during  the  upset,  much  of  the  transferred  material  was  dumped 
to  the  spent  acceptor  lockhopper  or  carried  out  of  the  regenerator  with 
the  overhead  gases.   The  cleaned  acceptor  was  then  capable  of  supplying 
all  of  the  gasifier  heat  duty  for  64  hours 
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Slowly  during  the  64-hour-air-free  period,  intermediate  fines 
accumulated  in  the  gasifier  char  bed  until  over  20  percent  of  the  bed 
was  again  -20  mesh  material.  Air  was  added  to  the  gasifier,  but  no 
attempt  was  made  to  control  the  accumulation  of  fines  and  the  related 
rising  of  the  char  bed  density  except  to  reduce  acceptor  circulation. 
This  decision  was  made  because  the  primary  goal  now  was  to  ensure  that 
Radian  Corporation  personnel  complete  their  sampling  program  for  the 
regenerator.  The  results  of  the  Radian  sampling  would  not  be  affected 
if  the  regenerator  was  maintained  at  process  conditions  and  operated  in 
a  stable  manner.  The  use  of  air  in  the  gasifier  would  not  affect  the 
regenerator  operation  appreciably. 

Presently,  intermediate  fines  are  removed  from  the  gasifier  with 
the  char  bed  material  that  is  transferred  to  the  regenerator,  but  a  sig- 
nificant amount  of  this  material  is  returned  to  the  gasifier  with  the 
recalcined  acceptor.   If  the  intermediate  fines  were  eliminated  from  the 
regenerator  inventory,  the  recalcined  acceptor  flow  would  not  contribute 
a  significant  amount  of  this  material  to  the  gasifier  char  bed,  and  the 
intermediate  fines  level  would  be  better  controlled. 

Control  of  intermediate  fines  in  the  regenerator  inventory  is 
dependent  upon  separation  followed  by  rejection  of  the  -20  mesh  size 
material.   In  the  pilot  plant  this  is  not  always  accomplished  because  of 
the  regenerator  geometry.  A  high  L/D  ratio  causes  slugging  of  the 
fluidized  bed  with  subsequent  back-mixing  which  inhibits  separation  of 
particles  by  size.  The  regenerator  also  lacks  sufficient  freeboard  to 
allow  disengagement  of  the  larger  particles  from  the  flue  gas  stream  at 
the  velocities  necessary  for  elutriation. 

In  a  commercial  plant,  intermediate  fines  removal  from  the  re- 
generator inventory  is  not  anticipated  to  be  a  problem.  Use  of  a  low 
L/D  ratio  would  produce  a  smoothly  fluidized  bed  and  sufficient  free- 
board would  be  provided  to  allow  stripping  of  fines  from  the  regenerator 
bed.   In  addition,  material  would  be  withdrawn  from  the  top  of  the 
regenerator  bed  at  a  point  above  the  recalcined  acceptor  standleg  nozzle, 
This  would  remove  more  intermediate  fines  material  due  to  the  segrega- 
tion of  particles  in  the  bed. 
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5   FUTURE  PLANS 

Plans  for  the  next  run  will  be  to  operate  the  plant  at  190  PSIG 
This  will  allow  study  of  the  pressure  effect  on  plant  capacity  and  the' 
ettect  of  high  steam  partial  pressure  on  acceptor  activity. 

Since  Velva  lignite  will  be  the  feedstock,  a  special  gas  stripping 
section  will  be  installed  in  the  upper  section  of  the  calcined  acceptor 
standleg.  The  purpose  of  this  device  will  be  to  strip  CCL  from  the  cal- 
cined acceptor  in  the  standleg.  This  design  is  intended  ?o  eliminate  ' 
the  formation  of  line  scale  which  has  been  a  problem  in  recent  Velva  lig- 
nite runs.  & 
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Date   5/25/77  -  6/10/77 


Screen  Size,  Wt  % 

Tymochtee 

Screen  Size,  Wt  % 

Wyodak 

Tyler  Mesh 

Dolomite 

Tyler  Mesh 

Subbituminous 

+6 

+ 

+8 

6X8 

46.2 

8  X  10 

8X9 

+ 

10  X  14 

9  X  10 

46.0 

14  X  20 

29.2 

10  X  12 

+ 

20  X  28 

12  X  14 

6.4 

28  X  35 

+ 

14  X  16 

+ 

35  X  48 

56.5 

16  X  20 

0.4 

48  X  65 

+ 

20  X  24 

+ 

65  X  100 

11.5 

24  X  28 

0.3 

100  X  200 

I 

-28 

0.7 

200  X  325 

-325 

2.8 

Ultimate  Analysis,  Wt  % 

Moisture 

4.26 

C 

63.19 

H  +  Moisture  H 

5.64 

S 

0.77 

N 

0.62 

Ash  +  S03 

7.69 

Elemental  Analysis,  Wt  % 

Si02 

5.08 

36.66 

so3 

0.31 

10.67 

Na20 

0.07 

1.00 

CaO 

55.78 

23.06 

MgO 

36.28 

5.14 

K20 

0.22 

0.33 

A1203 

1.55 

15.29 

Fe203 

0.55 

4.85 

P2O5 

0.02 

0.67 

Ti02 

0.10 

C 

.66 

Table  45-3.   FEEDSTOCK  COMPOSITES 
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Date 

Time 

Carbonate  Tower 

Feed   Gas,    SCFH    (Wet) 

Feed   Gas,    SCFH    (Dry) 

Temperature,   °F 

Pressure,    PSIG 

Compositions,   Mol   % 

H2    (Dry) 

N2    (Dry) 

CO   (Dry) 

CH4    (Dry) 

C02    (Dry) 

H20 

MW   (Wet) 

HHV,    Btu/SCF    (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Teirperature,  °F  (1) 
Temperature,  °F  (2) 
Temperature,  °F  (3) 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

K20 

MW  (Wet) 
HHA  ,  Btu/SCF  (Dry) 

Methanator  Recycle 
Detd  Has,  SCFM  (ret) 
cecd  Gas,  SCFH  ("ry) 
Ter.perature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

\\2    (Dry) 

K,  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

l!20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Adiabatic  Reactor 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry)' 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Water  Make,  lb/hr 

Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 

Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 
Dowtherm,  °F 


5/31/77 

5/31/77 

5/31/77 

6/1/77 

6/1/77 

6/1/77 

6/2/77 

0200 

1000 

1600 

0000 

0900 

1600 

0000 

20,191 

20,266 

27,149 

26,395 

25,689 

24,478 

21,718 

19,953 

20,006 

26,822 

26,078 

25 , 396 

24,174 

21,443 

117 

120 

125 

123 

120 

123 

122 

119 

119 

148 

140 

135 

135 

128 

59.92 

60.62 

60.22 

60.68 

60.18 

55.37 

46.49 

4.61 

3.11 

3.01 

3.71 

3.81 

9.13 

15.66 

15.83 

15.13 

13.63 

13.44 

12.34 

13.14 

13.05 

10.62 

11.42 

13.23 

11.84 

13.04 

11.23 

10.04 

9.02 

9.72 

9.92 

10.33 

10.63 

11.13 

14.76 

1.18 

1.28 

1.21 

1.20 

1.14 

1.24 

1.27 

12.67 

12.51 

12.43 

12.54 

12.57 

14.10 

17.10 

352 

360 

372 

349 

366 

335 

294 

14,580 

14,612 

24,004 

24,169 

23,944 

22,811 

20,104 

13,674 

13,704 

22,198 

22,483 

22,456 

21,212 

18,523 

536 

538 

556 

60S 

620 

619 

605 

619 

615 

611 

609 

614 

609 

571 

497 

497 

475 

472 

521 

482 

456 

115 

115 

115 

115 

110 

115 

105 

62.80 

64.20 

62.50 

63.30 

63.60 

58.06 

49.25 

5.10 

3.80 

4.00 

3.80 

4.10 

10.91 

16.82 

17.20 

11.90 

14.50 

14.60 

13.10 

14.41 

14.21 

11.00 

15.90 

14.60 

12.60 

14.10 

12.01 

10.91 

3.90 

4.20 

4.40 

5.70 

5.10 

4.60 

8.81 

6.21 

6.21 

7.52 

6.98 

6.21 

7.01 

7.86 

11.43 

10.58 

11.27 

11.45 

11.07 

12.62 

15.52 

370 

407 

397 

379 

391 

356 

315 

l^O" 

n    a  oi 

1  ',  a~" 

A     *>TO 

A     179 

5, ftp 

4,041 

n.nio 

q.d^d 

\\,7R7 

4,204 

A,  146 

<!     C7? 

i,on 

149 

149 

147 

150 

149 

157 

169 

150 

150 

146 

140 

150 

138 

145 

1.50 

1.70 

2.60 

2.70 

4.50 

1.70 

1.00 

10.40 

8.90 

6.00 

7.70 

9.20 

24.60 

34.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

83.40 

86.20 

87.20 

86.10 

76.40 

69.00 

53.00 

4.70 

3.20 

4.20 

3.50 

9.90 

4.70 

12.00 

0.56 

0.59 

0.67 

0.61 

0.61 

0.71 

0.69 

18.39 

17.77 

17.57 

17.57 

19.27 

20.05 

23.29 

84  7 

876 

889 

878 

786 

702 

539 

6,493 

6,780 

9,744 

9,497 

9,352 

9,712 

9,974 

6,457 

6,740 

9,679 

9,439 

9,295 

9,643 

9,905 

88 

90 

93 

90 

91 

95 

94 

105 

105 

102 

102 

105 

102 

102 

1.50 

1.70 

2.60 

2.70 

4.  SO 

1.70 

1.00 

10.40 

8.90 

6.00 

7.70 

9.20 

24.60 

34.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

83.40 

86.20 

87.20 

86.10 

76.40 

69.00 

53.00 

4.70 

3.20 

4.20 

3.50 

9.90 

4.70 

12.00 

0.56 

0.59 

0.67 

0.61 

0.61 

0.71 

0.69 

18.39 

17.77 

17.57 

17.57 

19.27 

20.05 

23.29 

84  7 

876 

889 

878 

786 

702 

539 

214 


214 


322 


359 


350 


291 


225 


34,730 

34,960 

34,530 

35,840 

35,610 

35,720 

35,720 

553 

533 

540 

490 

510 

soo 

500 

NA 

573 

NA 

534 

566 

533 

533 

1,194 

0 

2,436 

2,461 

2 ,  304 

2,207 

1,666 

150 

- 

230 

290 

225 

217 

138 

NOTE:   Gas  analyses  were  obtained  using  laboratory  gas  chromatography, 
time  to  reported  time. 

(1)  Temperature  at  flow  measuring  orifice  . 

(2)  Temperature  of  combined  fresh  feed  and  recycle  at  reactor  inlet. 

(3)  Temperature  of  reactor  effluent. 


Analysis  times  are  for  nearest 
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Date 

Time 

Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,   F 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (1) 
Temperature,  °F  (2) 
Temperature,  °F  (3) 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Methanator  Recycle 
Feed  Gas,  SCFII  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Adiabatic  Reactor 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature ,  F 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Water  Make,  lb/hr 

Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,   F 
Temperature  from  DC-402,  F 

Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 
Dowtherm,  F 


6/2/77   6/6/77   6/6/77   6/6/77   6/6/77   6/7/77   6/7/77   6/7/77 
0500     0700     1600     0130     0700     1600 


0700 


0000 


21,129 

23,303 

22,690 

23,589 

25,752 

25,278 

24,003 

24,906 

20,847 

23,090 

22,484 

23,381 

25,487 

25,040 

23,751 

24,619 

123 

112 

112 

112 

117 

113 

117 

121 

125 

135 

135 

140 

138 

135 

135 

138 

44.63 

59.50 

57.19 

57.51 

59.12 

S8.50 

58.12 

57.37 

16.05 

4.50 

4.45 

5.77 

3.71 

3.80 

3.91 

3.81 

14.04 

15.00 

15.08 

16.42 

15.33 

14.90 

14.83 

14.64 

10.03 

11.70 

12.65 

12.74 

12.02 

12.00 

12.63 

12.14 

15.25 

9.30 

10.63 

7.56 

9.82 

10.80 

10.52 

12.04 

1.33 

0.91 

0.91 

0.88 

1.03 

0.94 

1.05 

1.15 

17.65 

12.68 

13.37 

12.79 

12.83 

13.14 

13.13 

13.62 

291 

359 

361 

368 

362 

359 

363 

355 

21,334 

22,819 

22,670 

22,781 

25,865 

25,480 

26,223 

26,068 

19,728* 

20,568* 

20,434* 

20,559* 

23,844 

23,529 

24,215 

24,072 

596 

600 

611 

600 

586 

660 

650 

650 

557 

541 

537 

536 

560 

557 

558 

548 

465 

511 

510 

510 

524 

519 

522 

515 

113 

95 

95 

95 

128 

125 

128 

127 

51.55 

59.35 

59.36 

58.59 

58.20 

60.50 

61.70 

61.10 

14.74 

4.15 

4.02 

4.65 

5.40 

4.00 

3.00 

4.10 

15.88 

16.08 

16.90 

15.66 

15.70 

15.40 

15.70 

15.50 

10.31 

13.14 

12.58 

13.94 

12.60 

13.00 

13.00 

13.50 

7.53 

7.28 

7.14 

7.17 

8.10 

7.10 

6.60 

5.80 

7.52 

9.86 

9.86 

9.76 

7.81 

7.66 

7.66 

7.66 

14.84 

12.75 

12.79 

12.82 

13.09 

12.34 

11.97 

11.94 

322 

377 

374 

381 

366 

377 

382 

384 

3,335 

13,408 

6,055 

5,103 

1  ° ,  8  70 

A,  50' 

f.,^%<i 

d(^OQ 

3,859 

13,425 

6,023 

5,165 

19',750 

6,472 

6,496 

6,367 

171 

171 

171 

171 

149 

148 

ISO 

148 

150 

140 

140 

140 

135 

145 

145 

135 

1.50 

1.90 

2.00 

2.20 

1.40 

2.20 

2.90 

2.40 

29.30 

9.50 

13.00 

9.50 

8.10 

8.30 

9.80 

8.60 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

45.50 

76.00 

72.20 

74.20 

78.10 

80.00 

78.90 

81.90 

23.70 

12.60 

12.80 

14.10 

12.40 

9.50 

8.40 

7.10 

0.67 

0.54 

0.S4 

0.54 

0.60 

0.54 

0.59 

0.65 

2S.91 

20.42 

20.88 

20.80 

20.27 

19.38 

19.15 

18.72 

464 

774 

736 

757 

793 

815 

806 

835 

10,067 

8,791 

8,851 

8,711 

10,340 

9,983 

10,015 

10,073 

9,999 

8,744 

8,803 

8,664 

10,278 

9,929 

9,956 

10,008 

93 

81 

81 

81 

89 

87 

90 

92 

102 

84 

84 

84 

99 

105 

105 

102 

1.50 

1.90 

2.00 

2.20 

1.40 

2.20 

2.90 

2.40 

29.30 

9.50 

13.00 

9.50 

8.10 

8.30 

9.80 

8.60 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

45.50 

76.00 

72.20 

74.20 

78.10 

80.00 

78.90 

81.90 

23.70 

12.60 

12.80 

14.10 

12.40 

9.50 

8.40 

7.10 

0.67 

0.54 

0.54 

0.54 

0.60 

0.54 

0.59 

0.65 

25.91 

20.42 

20.88 

20.80 

20.27 

19.38 

19.15 

18.72 

464 

774 

736 

757 

793 

815 

806 

835 

239 

322 

321 

321 

377 

366 

366 

366 

36,390 

34,580 

35,650 

35,650 

35,710 

35,650 

35,650 

3S.710 

505 

615 

535 

535 

530 

535 

534 

530 

536 

NA 

561 

NA 

562 

565 

565 

560 

1,570 

- 

2,042 

2,265 

2,467 

2,446 

2,307 

2,804 

112 

. 

165 

170 

215 

250 

250 

215 

NOTE:  Gas  analyses  were  obtained  using  laboratory  gas  chromatographs . 
time  to  reported  time. 

•On-line  gas  chromatograph  analysis  used. 

(1)  Temperature  at   flow  measuring  orifice. 

(2)  Temperature  of  combined  fresh  feed  and  recycle  at  reactor  inlet. 

(3)  Temperature  of  reactor  effluent. 


Analysis  times  are  for  nearest 
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Date 

Time 

Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N,  (Dry) 

CO   (Dry) 

CH4  (Dry) 

CO,  (Dry) 

H-,0 

MK  (Wet) 
HHV,  Btu/SCF  (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (1) 
Temnerature,  °F  (2) 
Temperature,  °F  (3) 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet)* 
HHV,  Btu/SCF  (Dry) 

Methanator  Recycle 
need  Gas,  S"P!I  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIC 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

m   (Wet) 
HHV,  Btu/SCF  (Dry) 

Adiabatic  Reactor 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

H,  (Dry) 

n;  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H,0 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Water  Make,  lb/hr 

Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 

Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 
Dowtherm,  °F 


6/8/77 

6/8/77 

6/9/77 

6/10/77 

6/10/7? 

6/10/77 

6/10/77 

0000 

0700 

1700 

0130 

0400 

0800 

1500 

22,322 

22,168 

26,285 

23,858 

23,879 

30,995 

29,388 

22,049 

21,904 

25,906 

23,555 

23,584 

50,680 

29,021 

120 

119 

126 

120 

119 

116 

121 

125 

125 

125 

120 

120 

136 

126 

48.65 

47.99 

47.44 

47.14 

47.14 

47.04 

46.08 

14.24 

14.06 

17.05 

16.75 

16.75 

17.25 

16.87 

16.15 

16.06 

15.75 

16.25 

16.25 

15.95 

15.86 

8.83 

9.04 

9.03 

9.13 

9.13 

9.13 

9.14 

12.14 

12.85 

10.73 

10.73 

10.75 

10.63 

1 2 .  05 

1.23 

1.19 

1.44 

1.27 

1.24 

1.01 

1.25 

16.27 

16. S3 

16.34 

16.40 

16.40 

16.41 

16.88 

299 

298 

295 

297 

297 

296 

293 

22,417 

21,369 

23,139 

22,876 

22,778 

23,268 

25,630 

20,303 

19,527 

22,305 

22,147 

22,204 

22,656 

22,890 

661 

650 

620 

661 

660 

658 

658 

554 

547 

570 

576 

573 

572 

571 

508 

500 

508 

508 

508 

507 

506 

110 

112 

272 

270 

272 

271 

270 

S3. 00 

49.00 

51.20 

50.00 

50.00 

51.00 

51.00 

15.90 

14.40 

20.30 

17.90 

17.90 

18.60 

18.60 

17.40 

16.90 

16.10 

17.40 

17.40 

17.80 

17.80 

9.90 

9.90 

10.20 

9.80 

9.80 

10.00 

10.00 

3.80 

9.80 

2.20 

4.90 

4.90 

2.60 

2.60 

9.43 

8.62 

3.60 

3.19 

2.52 

2.63 

3.13 

14.07 

15.86 

13.98 

14.73 

14.71 

14.08 

14.10 

328 

315 

321 

317 

317 

323 

323 

fi,^", 

6,11? 

15,9-"; 

o  ,4  , 

«  ,  lQ-> 

8_i«n 

a  ,mf. 

5,994 

6,082 

15,343 

3,229 

8,181 

8 , 1 70 

8,060 

160 

156 

108 

103 

107. 

101 

in? 

145 

150 

300 

500 

300 

29S 

298 

1.60 

1.80 

0.00 

0.90 

0.7O 

0.^0 

0.70 

31.80 

29.60 

36.39 

34.80 

33.80 

34 .  60 

34 .  60 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

57. 50, 

57.80 

53.43 

52.40 

52.10 

51.80 

50.50 

9.10 

10.80 

10.18 

11.90 

13.40 

12.90 

14.20 

0.57 

0.57 

0.20 

0.16 

0.13 

0.13 

0.20 

22.15 

22.33 

23.23 

23.40 

23.73 

23.69 

24.04 

586 

590 

540 

532 

52S 

525 

512 

10,158 

10,132 

13,447 

14,991 

14,832 

14,843 

1.3,790 

10,099 

10,074 

15,415 

14,968 

14,812 

14,825 

13,762 

89 

89 

84 

76 

71 

71 

84 

105 

105 

270 

270 

270 

270 

270 

1.60 

1  .  SO 

0.00 

0.90 

0.70 

0.7O 

0.70 

31.80 

29.60 

36.39 

34.80 

33.80 

34 .  60 

34.60 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

57.50 

57.80 

53.43 

52.40 

52.10 

51.80 

50.50 

9.10 

10.80 

10.18 

11.90 

13.40 

12.90 

14.20 

0.57 

0.57 

0.20 

0.16 

0.13 

0.13 

0.20 

22.15 

22.33 

23.23 

23.40 

23.73 

2.3.69 

24.04 

586 

590 

540 

532 

528 

ROC 

51? 

281 


281 


276 


253 


259 


242 


35,710 
530 
560 

35,670 
533 
558 

35,360 
530 

:;a 

35 , 360 
530 
560 

35,3  20 
533 
561 

35,670 
533 
560 

35,650 
535 
557 

2,035 

2,035 

1,585 

1,988 

2,103 

2,099 

1,986 

180 

180 

173 

158 

153 

162 

162 

NOTF.:   Gas  analyses  were  obtained  using  laboratory  gas  chromatograph 
time  to  reported  time. 


s.   Analysis  times  are  for  nearest 


*wasCseanturaJedUIt   Xe  ^trllTZ*  T*  Calculatcd  b?  assu>»-«8  gas   leaving   the  booster  compressor,   J-306, 
wa"  Tol  operated  2"i^  run.  *"  C°ndm°nS-      **«""-*   the  C™P—   feed  gas  precooler.   C-327, 

(1)     Temperature  at   flow  measuring  orifice. 
[I]      JlmfSra-tu1?!   Si   r?fctSrde^fuSnt^ed   "ld   T6CyCle   3t   reaCt0r  inlet' 
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%  Calcine  Weight  Change 


Elemental  Analysis,  Wt  % 

Si02 

10.56 

S03  , 

2.50 

Na20 

0.03 

CaO 

44.90 

MgO 

34.95 

K20 

0.38 

A1203 

3.82 

Fe203 

2.08 

P2<>S 

0.19 

Ti02 

0.24 

Table  45-15.   REGENERATOR  DEPOSIT  ANALYSIS 
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RUN  46 

RUN  46A  JUNE  30  TO  JULY  4,  19  77 
RUN  46B  JULY  6  TO  JULY  15,  19  77 
RUN  46C  JULY  29  to  AUGUST  10,  19  77 


CO-  ACCEPTOR  PROCESS  GASIFICATION 
2         PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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1        SUMMARY 

Run  46  was   the  first  high  pressure  run.     The  effects  of  plant  operation 
at   190  PSIG  on  plant   capacity  and  on  acceptor  activity  were  studied.      An 
attempt  was  made  to  operate  the  gasifier  with  the  steam  partial  pressure  in 
the  boot   as  high  as  possible. 

Velva  lignite  and  Minnekahta  limestone  were  used  in  this   run,  with  Velva 
lignite  also  used  as   auxiliary  fuel  to  the  regenerator.     Husky   char  was   used 
as  start-up  material  in  the  gasifier  and  dead-burned  dolomite  was   used  as 
start-up   acceptor. 

Run  46  developed  into  three  runs  before  the  program  was  finished.     Run 
46A  ended  prematurely  when  a  high- temperature  steam  line  ruptured.      Run  46B  was 
at  process  conditions  for  58  hours,   with  air  out  of  the  gasifier  for  27  hours, 
before  the  run  was  shut  down  due  to  the  malfunctioning  of  a  process  steam  flow 
control  valve.      Run  46C  proved  to  be  the  most  successful.      Integrated  plant  oper- 
ations were  sustained  for  186  hours  with  air  out  of  the  gasifier  for  137  hours. 
Two  eight-hoar  balance  periods  were  obtained,   one  with   12  atmospheres  steam 
partial  pressure  in  the  gasifier  boot  and  the  other  with   12.2   atmospheres. 
Finally,   the  methanation  unit  was  operated  for  107  hours,   and  the  new  single- 
tube  methanation  reactor  was  operated  for  the  first  time. 

Data  was  obtained  from  the   run   that  will  enable  the  effect  of  higher 
pressure  on  plant  operation  to  be  determined.      It  was   found  that  operation 
with  12.2  atmospheres  steam  partial  pressure  in  the  boot  was  possible. 

Plant  operation  with  higher  steam  partial  pressures  may  also  be  possible. 
The  limiting  boot  steam  partial  pressure   could  not  be  determined  during  the 
Run  46  test  series  because  mechanical  problems   forced  early  run  terminations. 
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2   TEST  DATA 

Runs  46A  46B  and  46C  are  tabulated  graphically  and/or  tabular ly  at 
the  end  of  this' run  report.  These  figures  and  tables  include: 

Page 

Figure  46-1.   Differential  Pressure  Transmitter  Location  Pressure  222 

Balance  Calculation 

Figure  46-2.   Acceptor  Activity  Variation  During  Run  46 B 223 

Figure  46-3.   Acceptor  Activity  Variation  During  Run  46C 224 

225 
Figure  46-4.   New  Gasifier  Boot  Distributor  

Figure  46-5.   Methanation  Unit  Flow  Diagram  for  Run  4 6C 226 

.  227 

Figure  46-6.   Single-Tube  Methanator  Design  

Figure  46-7.   Multi-Tube  and  Single-Tube  Reactor  Temperature  Profiles  ...  228 

For  Run  46C 
Figure  46-8.   Multi-Tube  and  Single-Tube  Reactor  Temperature  Profiles  ...  229 

For  Run  46C 
Figure  46-9.   Multi-Tube  and  Single-Tube  Reactor  Temperature  Profiles  ...  230 

For  Run  46C 
Figure  46-10.  Gasifier  Boot  and  Transition  Section  Deposits  for  Run  46C  .  .  231 

Inspection 

232 
Table  46-1.    Gasifier  Data  for  Run  46 B  

Table  46-2.    Gasifier  Data  for  Run  46C  (4  Sheets) 233 

237 
Table  46-3.    Regenerator  Data  for  Run  46 B  

Table  46-4.  Regenerator  Data  for  Run  46C  (4  Sheets) 238 

Table  46-5.  Feedstock  Composites  for  Run  46 B 24 

Table  46-6.  Feedstock  Composites  for  Run  46C 243 

Table  46-7.  Circulated  Acceptor,  Calcined  for  Run  46 B  244 

Table  46-8.  Circulated  Acceptor,  Calcined,  for  Run  46C  (4  Sheets)  ....  245 

Table  46-9.  Circulated  Acceptor,  Recarbonated,  for  Run  46B 249 

Table  46-10.  Circulated  Acceptor,  Recarbonated,  for  Run  46C  (3  Sheets)  .  .  250 

Table  46-11.  Gasifier  Char  Bed  Material  for  Run  46 B 253 

Table  46-12.  Gasifier  Char  Bed  Material  for  Run  46C  (3  Sheets)  254 

Table  46-13.  Purged  Acceptor  for  Run  46 B 257 

Table  46-14.  Purged  Acceptor  for  Run  46C  (2  Sheets) 258 

Table  46-15.  Gasifier  Cyclone  Char  for  Run  46 B 260 

Table  46-16.  Gasifier  Cyclone  Char  for  Run  46C  (2  Sheets) 261 
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Table  46-26. 


Page 

Ash  and  Attrited  Acceptor  for  Run  46B 263 

Ash  and  Attrited  Acceptor  for  Run  46C  (2  Sheets) 264 

Gasifier  Quench  Tower  Solids  for  Run  46B 266 

Gasifier  Quench  Tower  Solids  for  Run  46C 267 

Average  Preheat  Temperatures  for  Runs  46B  and  46C  268 

Pressure  Balance  Data  for  Run  46B 269 

Pressure  Balance  Data  for  Run  46C  (3  Sheets) 270 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 
3.1    TABULAR  HISTORY  OF  RUNS  46A,  46B,  and  46C 

3.1.1  Process  Objectives 

(1)  To  achieve  integrated  plant  operation  at   a  system  pressure   190 
PSIG. 

(2)  To  determine  the  effects  of  higher  pressure  on  plant   capacity. 

(3)  To  determine  the  highest  steam  partial  pressure  in  the  gasifier  boot 
that  allows  sustained  operation  and  to  determine  its  effect  on  acceptor 
activity. 

(4)  To  operate  the  methanation  unit  with  the  new  single-tube  reactor  in 
parallel  with  the  multi-tube  reactor. 

3. 1 . 2  Accomplishments 
Run  46A 

An  emergency  shutdown  ended  this  run  only  four  hours   after  lignite 
feed  began  to  the  gasifier.     No  process  objectives  were  achieved. 

Run  46B 


(1)     The  system  was   on  stream  for  58  hours   at  process   conditions  with 
air  out  of  the  gasifier  for  27  hours. 

C2)     The  maximum  steam  partial  pressure  attained  in  the  boot  was   11.2 
atmospheres . 

Run  46C 

(1)  Process   conditions  were  maintained  for  186  hours,   and  air  was  out 
of  the  gasifier  for  137  hours. 

(2)  Two  eight-hour  balance  periods  were  obtained:    one  with  the  boot 
steam  partial  pressure   at   12.0  atmospheres   and  the  other  at   12.2 
atmospheres  steam  partial  pressure. 

(3)  The  methanation  unit  was  successfully  operated  for  107  hours. 


201 


3.1.3     Run  Termination  Causes 
Run  46A 

A  rupture   occurred  in  the  outlet  piping   from  the  gasifier  steam 
superheater.      Gasifier  depressurization  and  loss  of  bed  material   through 
the  rupture   took  place  so  ESD-2   (emergency  shutdown- venting  mode)   was 
activated. 

Run   46B 

A  sudden  increase    (spike)    in  the  boot  steam  flow  caused  the  loss 
of  the  char-acceptor  interface.     Efforts   to  recover  from  this   upset 
were  frustrated  because  the  flow  of  calcined  acceptor  into  the  gasifier 
could  not  be  controlled.     A  piece  of  the  metal  grating  on  the  inlet  to 
the  calcined  acceptor  transfer  line   (CD-206)   had  broken  off  and  lodged 
itself  in  the  control  valve    (TCV-2030),  making  it  impossible  to  close  the 
valve  completely.     Acceptor  transfer  to  the  gasifier  became  excessive 
and  the   char  bed  overloaded  with  acceptor.     This  prevented  the  char- 
acceptor  interface   from  being  reestablished,   so  a  shutdown  was  necessi- 
tated. 

Run  46C 

The  run  was   terminated  due  to  a  gasifier  boot  upset  which  resulted 
from  the  sudden   loss  of  recycle  gas    flow  to  the  gasifier  boot.     The 
upset  occurred  while  recycle  gas   flow  was  being  replaced  with  steam  in 
order  to  increase  the  boot  steam  partial  pressure   from  12.2  to   12.75 
atmospheres.     The  loss  of  recycle  was   due   to  the  slamming  shut  of  the 
recycle  gas   flow   control  valve,    FRC-2020. 

3.1.4     Major  Plant  Modifications   Made   Prior  to  Run   46 

(1)  Some  instrument   ranges  were   changed  because  of  the  higher  operating 
pressure. 

(2)  A  major  modification  was   the  installation  of  a  nitrogen  purge  spool 
piece  on  the  upper  part  of  CD-206  near  the  regenerator.      It  was 
installed  to  prevent  C02   from  entering  CD-206   from  the  regenerator. 

(3)  Another  sample  station,  S-9B,  was   installed  in  the  calcined  acceptor 
standleg  near  the  inlet   to  the  line. 

(4)  A  new  gas   distributor  was   installed  in  the  gasifier  boot  prior  to 

Run  46C.     The  new  distributor  was   designed  to  improve  gas   distribution 
in  the  boot,   thereby  eliminating  dead  areas  where  stagnant  solids  could 
agglomerate. 
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3.1.5     Mechanical  Problems 
Run   46A 

The  piping  downstream  of  the  gasifier  steam  superheater  ruptured 
after  a  boiler  upset.      Based  upon  the  metallurgical  examination  of  the 
ruptured  pipe,  which  was  performed  by  Continental  Oil  Company's  Mainten- 
ance Engineering  Department,   the   failure  probably  occurred  due  to  the 
following  sequence  of  events.      First,   the  pilot  plant  boiler  shut  down 
due  to  storm  caused  electrical  power  dips.     Since  the  boiler  could  not 
be  immediately  restarted,  the  boiler  pressure  dropped  to   150  PSIG.     This 
allowed  the  backflow  of  process  gas   and  char  from  the  gasifier  into  the 
steam  superheater  outlet  piping.      Burning  in  the  line  occurred  because 
air  was  being  fed  to  the  gasifier.      At   the  location  of  the  fire  the  pipe 
weakened  and  burst. 

Run  46B 

(1)  The  metal  grating  covering  the  entrance  to  the  calcined  acceptor 
transfer  line  corroded  and  broke  off.     The  disconnection  section 
of  the  grate  eventually  lodged  in  and  caused  the   failure  of  the 
calcined  acceptor  flow  control  valve,  TCV-2030. 

(2)  A  number  of  boot  upsets   occurred  due  to  problems  with  the  boot 
steam  control  valve   (FCV-2021).     The  valve  would  stick  and  not 
open  up  when  controller  indicator  settings  were  increased.     The 
valve  would  then  suddenly  pop  open  and  a  slug  of  steam  would  be 
injected  into  the  boot.     This  abrupt  increase  in  boot   flow  would 
at  times   destroy  the   char-acceptor  interface.     Boot   flow  would 
then  have  to  be  dropped  in  order  to  reestablish  the  interface. 

Run  46C 

(1)  The  first  stage  discharge   check  valves   on  the  main  air  compressor 
(J-202)    developed  leaks,  necessitating  a  decrease  in  the  discharge 
pressure.     The  compressor  was    later  shut  down  and  the  valves   re- 
paired. 

(2)  Boot  steam  flow  was   lost  for  six  minutes  when  the  steam  back  pres- 
sure  control  valve's    (PCV-2242)    sensing  line  developed  a  leak. 
The  line  was   repaired  and  the  boot  upset  was  ended. 

(3)  Another  boot  upset  occurred  after  a  storm  caused  a  power  dip  that 
shut  the  plant  boiler  down.     The  boiler  was   down  for  65  minutes. 
Therefore,   there  was  no  steam  to  the  boot  and  the  loss  of  boot 
flow  caused  a  bridge  to  form  in  the  gasifier  transition  section. 
The  bridge  was    finally  broken  up  by  repeated  bursts  of  boot   flow 
and  by  suction  from  the  depressurized  acceptor  dump  hopper,   F-213. 
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(4)     The  boot  interface  was    lost  when  the  boot  recycle   flow   control 
valve   (FCV-2020)   shut   completely  while   recycle   flow  was  being 
replaced  by  steam.      An  attempt  was  made  to  recover  the  interface 
by  fluidizing  the  boot  with  high  gas    flow  and  then  slowly  reducing 
the  flow  to  reset  the  char-acceptor  interface.     However,   these 
attempts  were  unsuccessful   and  this  upset   forced  the  plant   to 
shutdown. 

3.1.6     Process  Problems 

Runs   46A,    46B   and  46C 

No  process  problems  were  encountered. 

3.  2  CHRONOLOGY  OF  OPERATIONS 

3.2.1     Run  46A 


Date 


6/30 


7/1 


it 
7/2 


Time 

1340 
1440 
1905 

2100 


2239 
2  300 


0037 


0230 
0500 
20  05 


1245 

1350 
1350 


Hours 
Counted 


Description 

Started  pressuring  system  up  with  air. 
System  at   150  pounds  pressure. 
Leak  rate  of  3,619  SCFH  at   150  pounds, 
pressuring  up  to  190  pounds. 
Determined  leak  rate  to  be  4,570  SCFH 
at   190  PSIG  system  pressure. 
Pressuring  system  to  275  PSIG. 
System  pressure  at  276  PSIG. 
Depressured  system  to  repair  leak  on 
regenerator  bottom  head. 

System  repressured  and  leak  rate   at 
190  PSIG  was   4,478  SCFH;    started  com- 
pressors  and  gas   circulation. 
Lit  heaters . 

Started  250°F  hold  for  refractory  cure. 
Started   700°F  hold  for  refractory   cure. 
Nitrogen  purge  started  to  the   calcined 
acceptor  standleg  CD- 206. 
Started  DBD,    dead-burned  dolomite,    to 
gasifier  through  the  lignite   lockhopper 
F-204A. 

Transferred  DBD  from  gasifier  to  regen- 
erator. 

Started  feeding  DBD  to  regenerator  from 
acceptor  makeup  hopper,   F-206. 
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Hours 

Date 

Time 

Counted 

7/2 

1515 

1! 

1520 

If 

2200 

11 

2230 

7/3 

0010 

M 

0545 

ii 

1445 

1600 


II 

1625 

II 

1700 

II 

1725 

II 

1925 

II 

2019 

7/4 

0010 

ii 

0300 

m 

09  30 

it 

1500 

0 

it 

1521 

it 

1850 

3.8 

19  07 
1950 


4.1 


Description 

Nitrogen  multi-purges   set  on  CD- 206. 

Started  dropping  temperature  on  the 

B-201  gasifier  boot   flow  heaters   to 

1050°F.      Ran  gas   flow  tests. 

Put  ZnO  towers  on  line. 

Finished  gas   flow  tests. 

Circulation  tests  showed  that  the 

recarbonated  acceptor  flow   control    . 

valve  LCV-2003  was    restricted. 

Finished  circulation  tests. 

Ran  second  set  of  circulation  tests 

with  valve  kickers  turned  on. 

Finished  circulation  tests.     Put  steam 

to  side  and  set  up   for  char  addition. 

Fired  steam  superheater  B-20  7. 

C02  flow  started  to  gasifier  boot. 

Changing  out  recycle   for  steam  to 

gasifier  side . 

Ran  B-207  heater  dPs . 

Char  addition  to  gasifier  at  4  RPM. 

Air  addition  started  to  gasifier. 

Steam  addition  to  boot   flow  started. 

Started  fuel   char  transfer. 

Regenerator  at   1800°F. 

Started  Velva  lignite   feed  to  gasifier. 

Had  three  small  power  dips,  but  did  not 

cause  shutdown.      Boiler  shut  down.     Steam 

dropped  pressure  to  approximately   150 

pounds . 

Outlet   line  of  B-20  7  ruptured. 

ESD-2  activated. 

Restarted  compressors   in  an  attempt   to 

coo 1   down . 


3.2.2     Run 

46B 

7/6 

1430 

n 

2145 

7/7 

0000 

ii 

0400 

n 

0807 

Started  pressurizing  system. 
Static  leak  rate  of  2,912  SCFH  determined. 
Started  gas   circulation  and  lit  heaters. 
Holding  at  250°F  for  refractory  cure. 
Started  heating  up  to  700°F. 
Knife  gate  valve  XCV-2060D  in  line 
between  the  regenerator  ash  cyclone, 
L-202,   and  the  ash  dump  hopper,   F-207B, 
not  working  -  shut  down  and  depress ured 
system. 
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Hours 
Date  Time  Counted  Description 

7/8  1625  Received  plant   from  maintenance. 

"  1640  Pressuring  up  with  J- 309. 

7/9  0200  Holding  system  at   700°F  for  refractory 

cure. 
"  0400  Bringing  temperature  up   100°F  per  hour 

on  system. 
"  0700  Unblocked  steam  to  steam  drums. 

11  1350  Started  multi-purge  system  on  CD-206 

using  nitrogen. 
1353  DBD  fed  to  gasifier,   C02  purge  started 

to   XCV-20  73,   the  gasifier  dump   flow 
control  valve. 
11  1522  Transferred  acceptor  from  gasifier  to 

regenerator. 
"  1540  Started  filling  regenerator  with  DBD 

through  the  acceptor  makeup  feeder, 
L-204. 
2020  Started  solids   circulation. 

11  2210  Began  gas   flow  tests. 

7/10  0130  Gas    flow  tests   complete. 

Set  up  and  started  solids  circulation 
tes  ts . 
1000  Charged  F-204  A  and  B  with   char.      Added 

inert  gas  to  gasifier  flows  to  bring 
O2  content  down  before  starting  char 
feed. 

Zinc  oxide  towers   in  service. 
Started  char  to  gasifier. 
Unblocked  steam  flow  to  boot.     The 
steam  flow  control  valve  plug,    FCV-2021, 
bounced  off  seat  and  upset  overhead 
solids    circulation. 
2300  Still  no  overhead  solids  transfer. 

CD-206  will  not   fill. 
Started  system  shutdown. 
Depressured  system. 
Dumped  solids   from  regenerator. 
Removed  the  calcined  acceptor  flow 
control   valve  TCV-2030   for  inspection. 
Calcined  acceptor  standleg  totally 
clear.      Valve  also  in  good  condition. 
1612  Repressured  system. 

2140  Static  test  OK.     Started  compressors 

and  lit  heaters  . 


II 

1610 

II 

1730 

II 

2135 

7/11 

0100 

11 

0655 

11 

1030 

11 

1300 
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Hours 

Date 

Time 

Counted 

7/12 

0300 

ti 

0832 

it 

0915 

it 

1128 

it 

1725 

M 

1845 

it 

1846 

ti 

1925 

ti 

2345 

7/13 

0210 

it 

0730 

ti 

0852 

ii 

0925 

Description 

Ran  heater  differential  pressure   tests. 
C02   to  XCV-20  73  purges. 
Started  DBD  to  gasifier. 
Transferred  acceptor  to  regenerator  from 
gasifier.      Filling  regenerator  with  dead- 
burned  dolomite  from  acceptor  makeup 
hopper  F-206. 

1630  Started  overhead  dolomite  transfer. 

Set  multi-purge  on  CD- 206  using  nitrogen. 

Started  steam  to  gasifier  side. 

Zinc  oxide  towers  on  line. 

Started  char  to  gasifier. 

Stopped  solids   circulation  and  char 

addition  while  working  on  several 

plugged  taps   of  the  multi -purge  on 

CD- 20 6. 

2004  Restarted  circulation  and  char  feed 

to  set  interface. 
Air  to  gasifier  started. 
Steam  added  to  gasifier  boot. 
Lost  flow   through  LCV-2003.     Had  to 
drop  boot   flow  to  shower  acceptor  out 
of  gasifier. 

Started  char  transfer  to  regenerator 
from  gasifier. 

Started  auxiliary  fuel  to  regenerator. 
Had  slight  upset  due  to  boot  steam  flow 
control  valve,   FCV-2021,   sticking. 
Stopped  char  transfer   (auxiliary  fuel 
only) .  Q 

Regenerator  at   1800  F. 
Velva  lignite  to  system. 
Restarted  fuel  char  transfer. 
Charged  F-206  with  6X8  mesh  limestone 
Started  removing  air  from  gasifier. 
Power  dip  shut  down  boiler  main  air 
compressor,  J-202,    and  inert  gas  equip- 
ment.    Relit  boiler  but  had  problems 
with  J-202  valves  not  seating.     Also, 
the  char  lift  gas   compressor,  J- 309, 
would  not  run  due  to   low  inert  gas 
header  pressure. 

0850  System  lining  out.     Char  feed  and  cir- 

culation OK.     Temperatures  coming  back 
up. 

1100  23.5  Lost  char  transfer  momentarily.      Re- 

established immediately. 
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II 

1125 

0 

It 

1226 

II 

1330 

II 

1420 

II 

2005 

8.7 

714 

0650 

19.25 

Date 


7/15 


it 
8/1 


Time 


2140 


2330 


3.2.3     Run  46C 

7/29 

1510 

it 

1745 

7/30 

0500 

n 

0900 

it 

1900 

7/31 

0400 

tt 

0900 

tt 

1140 

tt 

1900 

2010 

2120 
00  30 

0140 


tl 

0815 

tt 

1215 

It 

1620 

It 

1630 

II 

1715 

tt 

2000 

tt 

20  05 

It 

2245 

Hours 
Counted 

58.3 


Description 

System  ran  normally  up  to  this  point. 
Then  a  sudden  increase  in  the  gasifier 
boot  steam  flow  caused  a  system  upset. 
Char- acceptor  interface  level  rose  into 
the  gasifier  transition  section  and  re- 
carbonated  acceptor  transfer  from  the 
gasifier  boot  was   lost. 
Interface   and  acceptor  circulation   could 
not  be  regained.     Started  system  shutdown. 


Received  plant   from  maintenance.      Started 
pressuring  up. 

Leak  rate  of  3,600  SCFH  determined  by 
static  pressure  test.  Started  circu- 
lating gases . 

Lit  main  burners  on  process  heaters. 
Began  250°F  hold  for  refractory  cure. 
Started  bringing  heaters  up  for  700°F 
refractory  cure  hold. 
Began  70  0°F  refractory  cure  hold. 
Completed  700°F  refractory  cure  hold, 
started  heaters   up  100°F  per  hour. 
Set  up  for  heater  dP  tests. 
Finished  heater  dP   tests. 
Charged  F-204A  and  F-206  with  new  dead- 
burned  dolomite. 

Started  N2  to  CD- 206  purges   and  CO?  to 
XCV-20  73  purges. 

First  acceptor  to  system  from  F-204A. 
Transferred  acceptor  from  gasifier  to 
regenerator. 

Started  feeding  dead-burned  dolomite 
to  regenerator  from  F-206. 
Began  solids    circulation  tests. 
Finished  solids   circulation  tests   and 
began  gas   circulation  tests. 
Put  ZnO   towers   on   line. 
Started  acceptor  circulation. 
Added  steam  to  gasifier  side   flow. 
Started  char  addition  to  gasifier  and 
set  interface. 

Ran  Case  No.    1,   B-20  7  heater  dP   tests. 
20,000  SCFH  air  admitted  to  gasifier 
side  flow. 
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Date 
8/2 

M 

II 
II 

II 
II 


II 

8/3 

it 
8/4 


8/5 


8/6 


8/7 


Time 

0410 

0524 
0607 
0  710 
1230 
1430 

2115 

2215 

2055 


1740 


Hours 
Counted 


2015 

0800 
1045 

1900 

0820 
0925 

1045 
1145 


0 
6.4 


38.8 


59.4 


86.1 


100.7 


108.9 


123.3 


125.7 


Description 

Established  char  transfer  from  gasifier 

to  regenerator. 

Started  auxiliary  fuel  to  regenerator. 

Regenerator  at   1800°F. 

Steam  flow  to  boot  established. 

Lignite   feed  to  system  started. 

Charged  F-206  with  6X8  mesh  Minnekahta 

limestone. 

Began  removing  air  from  gasifier  side 

flow. 

C02   flow  started  to  gasifier  boot. 

Continued  steam/recycle   changes    and 

air  removal   from  gasifier. 

All   air  removed  from  gasifier. 

Smooth  operation  all  day.     Started  gas 

flow  to  methanator  at  approximately 

1005  hours. 

Had  to  open  bypass   on  FCV-2021  to  get 

required  steam  flow  to  gasifier  boot. 

High  steam  flow  rate  to  boot  required 

changing  range  on  FC-2021   from  0-50 

to  0-100  inches  of  water. 

Found  PT-2291   (steam  pressure  to  boot) 

to  be  reading  approximately  46  PSI    low. 

Instrument   repaired.     Set  60,000  SCFH 

total  steam  to  gasifier. 

Brought  partial  pressure  of  steam  to 

boot  up  to  11.8  atmospheres. 

Cut  back  N2  purge  rate  to  S-9  and 

dPRC-2026  purges   in  an  attempt  to 

save  nitrogen  and  lower  N2  percentage 

in  gasifier  overhead. 

Had  trouble  with  J-202  first  stage  valves 

Dropped     discharge  pressure  to  favor 

valves   in   first  stage. 

Had  to  unplug  recarbonated  acceptor 

sample  station,  S-10. 

Shut  down  J-202  for  repairs.     Had  slight 

upset  when  changing  recycle   for  steam  in 

gasifier.     Lost  interface,  but  had  no 

major  problems   recovering. 

Restarted  J-202  and  began  bringing 

system  back. 

Air  admitted  to  gasifier. 
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II 
It 
II 
It 

M 


Hours 
Date  Time  Counted  Description 

8/7  1300  Lost  interface  due  to  high  boot   flow. 

Recovered  interface  by  simply  lowering 
boot   flow.      Put  air  back  in  gasifier  to 
hold  temperature. 

1340  Sensing  line  shook   loose  from  the  gasi- 

fier boot   flow  back  pressure  control 
transmitter,  PT-2242.      Backpressure  con- 
trol  valve   closed  and  shut  off  boot   flow. 
Had  to  purposely  destroy  and  reset  inter- 
face. 

1431  Restarted  lignite   feed  to  gasifier  after 

upsets . 

1835  132.5  Air  removed  from  gasifier.      Increasing 

steam  percentage  in  boot   flow  to  84  per- 
cent. 

2225  Established  83.4  percent  steam  in  boot 

flow. 
8/8  0400  Lowered  coal   feed  rate  to  gasifier  to 

control   char  bed  level. 

0800  Smooth   continuous  operation  at   82  percent 

steam  in  boot. 

1435  152.5  Power  dip  shut  down  boiler  for  1  hour 

and  5  minutes.     Shut  off  circulation  and 
blew  interface  with  recycle.     Reset  inter- 
face with  recycle  and  restarted  acceptor 
circulation 

1630  Steam  flow  to  gasifier  side  reestablished. 

1633  154.5  Reestablished  air  injection  into  gasifier. 

1655  Steam  flow  to  gasifier  boot  reestablished. 

1750  Restarted  char  transfer  to  regenerator. 

2112  159  Air  back  out  of  gasifier  side  flow. 

Began  increasing  steam  percentage  of 
boot   flow  to  87  percent. 
8/9  1600  Continued  stable  operation  with   86 

percent  steam  to  boot. 
8/10  0020  186.2  Lost  interface  while   changing  steam  for 

recycle  in  gasifier  boot.     Recycle  flow 
(FCV-2020)   suddenly  decreased  (spiked 
down)    causing  boot  flow  to  drop.     Char- 
acceptor  interface  lost  and  bridge    (plug) 
formed  in  the  gasifier  transition  section. 
0330  Could  not   reset  interface.     Started 

plant  shutdown. 
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4   RESULTS  AND  DISCUSSIONS 

4.1    BACKGROUND 

Run  46  was   the   first  high  pressure  run.     The  effects  of  high  pressure 
(190  PSIG)    on  plant   capacity  and  on  acceptor  activity  were  the  main  variables 
to  be  studied.      Velva  lignite  and  Minnekahta  limestone  were  to  be  used  as    feed- 
stock and  acceptor  respectively.     Velva  lignite  was   also  used  as   auxiliary   fuel 
to  the  regenerator.     Husky  char  was   used  as  start-up  material  in  the  gasifier 
and  dead-burned  dolomite  was  used  as   start-up  acceptor. 

The  operating  pressure  of  190  PSIG  in  the  gasifier  was   chosen  based  on 
early  laboratory  bench-scale  operations  which  demonstrated  that  high  steam  par- 
tial pressure  would  cause  acceptor  melting   and  agglomeration  in  the  gasifier. 
A  pressure  of  190  PSIG  at  the  gasifier  exit  would  result  in  an  inlet  pressure 
to  the  gasifier  boot  of  about    14.3  atmospheres. 

Massive  acceptor  melting  was   expected  to  occur  somewhere  between  a  steam 
partial  pressure  of  12  to  14  atmospheres.     Since  the  exact  steam  partial  pressure 
which  would  cause  melts  was  unknown,   one  objective  for  Run  46  was   to  determine 
exactly  what  the  steam  partial  pressure  operability  limits  were  for  the  gasifier. 
This  was   to  be  done  by  first  establishing  a  "safe"  steam  partial  pressure  in  the 
gasifier  which  would  not  produce  acceptor  melts.     Then  the  steam  partial  pressure 
would  be  gradually  increased  in  steps  to  a  level  which  would  cause   agglomeration 
of  the  acceptor  in  the  gasifier  boot.     Thus  it  would  be  possible  to  determine  the 
maximum  steam  partial  pressure  that  would  allow  sustained  gasifier  operation  with- 
out the  formation  of  troublesome  melts. 

The  formation  of  excessive   acceptor  melts   in  the  gasifier  is   avoided 
because  the  melts  would  glue   acceptor  particles   together,    forming  deposits. 
However,   some  minor  amount  of  acceptor  melting  is   desirable  if  the  melting  is 
limited  to  the  interiors  of  the  acceptor  particles.     Such  melting  would  signi- 
ficantly improve  the  overall  acceptor  activity. 

Due  to  the  reactions  which  take  place  between  the  circulating  acceptor 
particles   and  the  coal  or  lignite   char  ash,   a  silica  rich  shell  gradually  forms 
on  the  acceptor  particles.      If  this  shell   did  not  become  sticky  at  steam  partial 
pressures  which  would  cause  melting  or  partial  melting  of  the  acceptor  particle 
interior,   then  high  acceptor  activities   could  be  easily  maintained.     Higher 
acceptor  activities  would  increase  the  plant   capacity  and  significantly  reduce 
the  required  acceptor  makeup   rate. 

The  program  for  Run  46  was   ideally  suited  for  determining  if  such  results 
could  be  obtained.     A  sudden  increase  in  the  acceptor  activity  directly  follow- 
ing an  increase  in  the  steam  partial  pressure  in  the  gasifier  boot  would  indicate 
internal  melting  of  the  acceptor  particles.      If  the  high  level  of  acceptor  ac- 
tivity and  stable  plant  operation  can  be  maintained,   then  a  major  process   accom- 
plishment will  have  been  demonstrated. 
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In  previous   runs   using  Velva  lignite   as    coal   feedstock  acceptor,   deposits 
in  the  calcined  acceptor  standleg  were   a  problem.     The  deposits  were   found  to  con- 
sist of  fine   acceptor  particles   that  were   agglomerated  together  and  to  be  very 
rich   in  calcium   carbonate.      Apparently,    calcium   carbonate   is   essential   for  deposit 
formation.     Also,    there  is  now  evidence  that  some  of  the  ash   components   found  in 
Velva  lignite  promote  the   formation  of  the  lime  scale  deposits. 

The  presence  of  calcium  carbonate  in  the  standleg  can  be  explained  by 
two  possible  mechanisms.     The  first  mechanism  is   that  the  acceptor  fines   enter- 
ing the  standleg  are  not  completely   calcined  in  the  regenerator.     The  second 
mechanism  is   that  the  calcined  acceptor  reacts  with  the  carbon  dioxide  that  is 
entrained  into  the  standleg  by  the  moving  solids    to   form   calcium   carbonate. 

The   first  mechanism  is  probably   less   responsible   for  deposit   formation 
because   conditions   in  the   regenerator  generally   favor  calcination.      The  temper- 
ature  is  normally  high  enough  to  provide   a  positive   equilibrium  driving  force 
for   calcination.      Also,    the   acceptor   fines   should  calcine   rapidly  because  of 
their  small  size. 

Recarbonation  of  calcined  acceptor  fines    in  the  standleg  is  probably 
primarily  responsible   for  deposit   formation.      Acceptor  fines   that  enter  the 
standleg  from  the  regenerator  settle  to  the  bottom  of  the  line   and  accumulate 
on  the  pipe  wall.     These  solids    cool   down  because  of  contact  with   the  pipe 
wall.     Here  the  lower  temperature   favors    the  recarbonation  reaction  so  calcium 
carbonate  will    form. 

In  order  to  prevent   deposits    from  forming  in  the  standleg  two  process 
modifications  were  made.    QFirst,    the  regenerator  operating   temperature  was 
raised  by   15   F,    from  1850   F   to'l865°F.      This   change  was   intended   to   insure 
total   calcination  of  the   acceptor  in   the  regenerator.      The  second  modification 
was   the   installation  of  a  spool   piece  which   contained   a  number  of  N     purges    on 
the  upper  part  of  the  standleg.      Eight  N2  purges  were  arranged   in  four  rows   along 
the  bottom  of  the  spool   piece.      The  purpose  of  the  purges  was   to  provide  nitrogen 
gas    that  would  blow  back   into   the  regenerator.      The   gas   would  strip   away  carbon 
dioxide  entrained  with  acceptor  solids   entering  the  standleg  and  prevent  any  CO 
from  flowing  into   the  standleg  from  the  regenerator.  2 

4.2  RESULTS   AND  ACCOMPLISHMENTS 

4.2.1     Major  Operational  Achievements 

The  summary  of  plant   operations    for  Runs   46A,    46B,    and  46C  are   listed 
in  the  table  below: 
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SUMMARY  OF  PLANT  OPERATIONS 
HOURS  OF  OPERATION 


Process  Conditions 
Lignite  Feed 
Acceptor  Circulation 
Fresh  Acceptor  Makeup 
Without  Air  to  Gasifier 
100%  Steam  to  Boot 


Run  46A 

Run46B 

Run  46C 

4 

58 

186 

4 

57 

180 

53 

97 

200 

0 

55 

178 

0 

27 

137 

0 

0 

0 

In  addition,   in  Run  46C,   two  eight-hour  balance  periods   during  which 
steady-state  process   conditions  with  no  air  in  the  gasifier  were  obtained. 
The  periods  were  on  August  6,    1977,   from  1500  to  2300  hours    (12  atmospheres 
boot  steam  partial  pressure),   and  on  August  9,   1977,    from  1500  to  2300  hours 
(12.2  atmospheres  boot  steam  partial  pressure).     The  methanation  unit  was   run 
for  a  total  of  107  hours  during  Run  46C,  with  the  single-tube  reactor  being 
run  for  the  first  time. 

Boot  operation  with  100  precent  (14.3  atmospheres  steam)  steam  feed  was 
not  achieved  during  Run  46C.  Boot  upsets  forced  the  plant  down  when  the  steam 
to  the  boot  was  increased  to  88.5  percent  (-12.7  atmospheres  steam  )  after 
successfully  operating  at  84.7  to  86.0  percent  steam  (12.1  to  12.3  atmospheres 
steam).  However,  the  main  problem,  which  eventually  led  to  fatal  boot  upsets, 
was  difficulty  in  changing  and  holding  boot  steam  and  recycle  flow.  Sustained 
boot  operation  at  high  steam  partial  pressures  may  still  be  possible. 


4.2.2     Plant  Data 

Data  for  Runs  46B  and  46C  are  presented  in  Tables  46-1  through  46-23. 
Data  for  Run  46A  were  not  included  because  of  the  short  duration  of  the  run. 

Solids    feed  rate,   inlet  and  exit  gas   flows,  bed  conditions,   and  overhead 
gas   compositions    for  the  gasifier  and  regenerator  are  listed  in  Tables   46-1 
through  46-4.     Solids   feedstock  compositions   are  listed  in  Tables   46-5  and  46-6. 
Analysis  of  acceptor  and  char  samples    from  circulating  and  effluent  process 
streams  are  shown  in  Tables  46-7  through  46-20.     Average  preheat  temperatures 
are  shown  in  Table  46-21.     Pressure  balance  data  from  the  gasifier-regenerator 
system  are  shown  in  Tables  46-22  and  46-23.     Figure  46-1   shows  the  location 
of  the  pressure  points  referred  to  in  Tables  46-22  and  46-23. 
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4.2.3  Plant  Capacity- 
Data  were  obtained  on  the  effects   of  higher  steam  partial  pressure  on 

char  conversion  to  gas.     No  final   conclusions  have  yet  been  drawn  on  the  exact 
effect  higher  pressure  has  on  char  conversion. 

However,   low  char  bed  densities   in  the  gasifier,  when  considered  with  the 
high  acceptor  circulation  rates   of  Run  46,   show  some  support   for  higher  fixed 
carbon  burnoff  at   the  higher  pressure.     The  char  bed  density  averaged  26  to  29 
LB/FT3  and  the  acceptor  circulation  rate  ranged  from  14,000  to  24,000  LB/HR. 
Another  run,   Run  33B,  which  used  the  same   lignite   and  acceptor  material,  had 
higher  bed  densities  of  30  to   37  LB/FT3  while  the  acceptor  circulation  rate 
was   lower,    about   11,000  to  15,000  LB/HR.     An  alternate  explanation  for  the 
lower  char  bed  densities  would  be  that  the  higher  pressure  operation  altered 
the  fluidiztion  behavior  of  the   gasifier  char  bed.      Actual   fixed  carbon   analyses, 
which  require  the  tedious  separation  of  the  gasifier  bed  material  into  char  and 
non-char  fractions,  will  have  to  be  made  before   conclusions   concerning  the  cause 
for  the  low  char  bed  density  can  be  made. 

4.2.4  Acceptor  Activity  and  Agglomeration 

Acceptor  activity  in  both  Runs   46B  and  46C   (see  Figure  46-2  and  46-3) 
averaged  about  0.11,  with  the  data  scattered  more  in  the  shorter  Run  46B. 

When  the  acceptor  makeup  rate  in  Run  46C,   originally  at  about  580  LB/HR, 
was   decreased  for  the  last  part  of  the  run  to  about  280  LB/HR,    acceptor  activity 
did  not  decrease  but  remained  at  0.11.      For  comparison,   during  Run   33B  the  accep- 
tor activity  was  maintained  at  0.11   to  0.12  by  keeping  the  acceptor  makeup  rate 
at  560  LB/HR.      These  results   indicate  that   the  higher  steam  partial  pressure  in 
Run  46C  may  have  kept  acceptor  activity  at   a  high  level  despite  the  low  acceptor 
makeup  rate.     This   could  have  been  due  to  a  minor  amount  of  acceptor  melting 
in  the  gasifier. 

Bench  scale   laboratory  tests1  have  shown  that   limestone   acceptor  will 
form  liquid  melts   at   temperatures  of  1500°F  and  steam  partial  pressures  some- 
where in  the  range  of  11  to  14  atmospheres.     Similar  conditions  were  present 
in  the  gasifier  during  Run  46. 

Acceptor  melts   are  desirable  to  a  certain  extent  because  the  melts   destroy 
the  large  CaO   crystals   that   reduce  the  acceptor's   activity.     Acceptor  that  has 
undergone  several   calcination-carbonation  cycles  suffers   a  decrease  in  activity 
due  largely  to  the  growth  of  CaO   crystals.     As  the  crystals  grow  larger,   CO2 
cannot  diffuse  into  the  crystal   centers.     When  acceptor  liquid  melts   are   formed, 
the  crystalline  structure  of  the  solid  acceptor  is  destroyed.      Resolidification 
of  the  melts  due  to   changes  in  process   conditions   results   in  the  formation  of 
small  CaO   crystals.     These  smaller  crystals  provide   less  of  a  diffusional  bar- 


"Phase  II,  Bench-Scale  Research  on  CSG  Process:  Laboratory  Physcio- 
Chemical  Studies,"  by  G.  P.  Curran  and  E.  Gorin,  R£D  Report  No.  16,  Interim 
Report  No.    3,    Book  2. 
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rier  to  C02  so  the  activity  of  the  smaller  crystals  is  higher  than  that  of  large 
crystals.     The  acceptor  activity  will  remain  high  until  the  acceptor  undergoes 
several  reaction  cycles   and  the  crystals  start  to  grow  again. 

Acceptor  agglomeration  in  the  gasifier  boot  was   expected  to  cause  the 
termination  of  Run  46  once  the  steam  partial  pressure  became  too  high.     However, 
this  never  occurred  because  the  run  was   forced  down  due  to  boot  upsets  which 
were  caused  by  steam  and  recycle   flow  control  problems.     Smooth  operation,   in- 
cluding two  eight-hour  balance  periods,  was   achieved  at  steam  partial  pressures 
of  12  atmospheres   and  12.2  atmospheres.     It   remains   to  be  determined  how  much 
higher  the  steam  partial  pressure  could  be  raised  before  serious   acceptor  agglom- 
eration would  take  place. 

4.2.5     New  Calcined  Acceptor  Sample  Station 

In  previous  runs   acceptor  deposits    formed  at  the  bottom  of  the  calcined 
acceptor  standleg.      Fines  in  the   acceptor  material   coming  from  the  regenerator 
were  suspected  of  settling  to  the  bottom  of  the  line  and  accumulating  there. 
These  stagnant   fines  would  then  pack  together  and  harden  into  deposits   after 
reaction  of  the  calcium  oxide  in  the  acceptor  with   carbon  dioxide. 

In  order  to  determine  if  fine  materials  were  settling  to  the  bottom  of 
the  calcined  acceptor  standleg,   a  new  sample  station,   S-9B,  was   installed.     The 
new  sample  station  was   designed  to  remove  solids   from  the  bottom  side  of  the 
standleg.     This   contrasts  with  the  S-9  sample  which  is  taken  from  the  side  of 
the  standleg. 

Analyses  of  samples   taken  from  S-9B  have  shown  that   acceptor  fines  do 
indeed  settle  to  the  bottom  of  the  standleg  and  escape  sampling  by  the  old 
sample  station.     The  acceptor  fines  weight  percents   varied  from  3  to  9  percent 
according  to  the  S-9  samples.     Concurrent  S-9B  samples  showed  fines   concentra- 
tions of  7  to  17  percent  with  one  sample  that  contained  24  percent   fines. 

The  segregation  of  acceptor  fines   from  the  rest  of  the  acceptor  material 
in  the  standleg  may  suggest  a  possible  alternate  method  of  withdrawing  acceptor 
from  the  system  in  a  commercial  C02  Acceptor  plant.     Instead  of  removing  acceptor 
from  the  top  of  the  regenerator  acceptor  bed  as  is  done  in  this  pilot  plant,   accep^ 
tor  could  be  withdrawn  from  the  bottom  of  the  calcined  acceptor  standleg  at  a 
point  in  the  line  near  the  regenerator.     Using  this  method,    a  large  amount  of 
the  purged  acceptor  would  be  fines  since  the  fines  settle  to  the  bottom  of  the 
line.     This  method  of  withdrawal  would  be  an  improvement  over  the  method  used 
in  the  pilot  plant  because  fines,  which  are  undesirable  in  the  system,  would 
be  preferentially  removed. 

4.2.6     New  Gasifier  Boot  Distributor 

Prior  to  Run  46C  a  new  gasifier  boot  steam  distributor  was  installed. 
The  distributor  was  designed  differently  than  the  previous  distributor  in 
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order  to  improve  gas   distribution  in  the  boot  and  thereby  reduce  the  amount 
of  boot   deposits  . 

The  problem  with  the  previous  boot  distributor  was  that  it  allowed 
deposits   to  form  on  the  boot  walls   just  above  the  distributor.     The   fluidi- 
zation  gases  preferentially  channeled  up  the  center  of  the  boot  so  that   little 
gas   traveled  along  the  walls. 

Dead  areas  of  non-fluidized  solids   formed  in  the  vicinity  of  the  walls 
just  above  the  distributor  bubble   caps.     The  dead  areas   allowed  solids  to  de- 
posit and  accumulate  in  the  area  between  the  boot  walls   and  the  distributor, 
with  the  tops   of  the  bubble  caps  providing  a  ledge   for  the  accumulating  solids 
to  build  upon.     As   a  result,   the  solid  deposits  were  thickest    (2  to   3  inches) 
at   the  distributor  ring  and  tapered  quickly  to  the  wall  higher  up  in  the  boot. 

The  deposit  buildups  near  the  distributor  reduce  the  effective  cross  sec- 
tional  area  of  the  boot   available  for  gas    flow.     This  has    caused  velocity  to  be 
twice   as  high  at   the  bottom  of  the  boot  than  at  the  top  where  the  deposits  were 
absent.      Due  to  the  gas   velocity  gradient  in  the  boot  fine  acceptor  particles 
that  are  at   first  carried  down  into  the  boot  are  later  stripped  from  the  bulk 
of  the  acceptor  near  the  bottom  of  the  boot.     This   leads  to  a  dangerous   con- 
dition in  which  fine  particles   are  moving  against  the  direction  of  the  main 
acceptor  flow  deep  in  the  boot.     Once  this   condition  exists,  bridging  or  the 
formation  of  solid  plugs   is   likely  to  occur.      Bridging  would  reduce  the  sta- 
bility of  the  char-acceptor  interface  and  could  lead  to  partial  or  total   loss 
of  acceptor  transfer  through  the  boot. 

In  order  to  prevent   these  boot  deposits   the  diameter  of  the  new  dis- 
tributor was  made   larger  than  that   of  the  old  distributor  so  that  the  distri- 
butor could  be   recessed  into  the  refractory  wall.     This   arrangement  was   designed 
to  promote  more  gas   flow  up   along  the  boot  walls   and,   therefore,   eliminate  the 
dead  areas   of  stagnant  solids   to   allow   deposits    to  build  up.      In   addition,    the 
bubble   caps  would  be  behind  the  projection  of  the  wall  surface  so  that  they 
would  no  longer  provide  a  ledge   for  solids   to  accumulate  upon. 

The  new  distributor  contained  22  bubble   caps    (see   Figure  46-4)    as   opposed 
to   18  in  the  previous   distributor  because  of  the   larger  size  of  the  new  distri- 
butor.     Each  bubble  cap   contained  two  nozzles  which  pointed  in  toward  the   center 
of  the  distributor  ring  and  were  spaced  60  degrees   apart. 

The  old  distributor  contained  two  nozzles  similarly  situated  on  the  bubble 
cap,   but  it  also  contained  a  third  nozzle  which  pointed  directly  at   the  boot  wall. 
This   third  nozzle  was   designed  to  prevent  acceptor  deposits   from  forming  in  be- 
tween the  distributor  and  the  boot  wall.     The  third  nozzle  proved  to  be  ineffective 
in  keeping  this   area  fluidized.      Solids  packed  in  between  the  nozzle  exit   and 
the  boot   refractory  wall   forcing  all  of  the  gas   flow  through   the  two  bubble   cap 
nozzles   that  pointed  towards   the   center  of  the  boot.      In   the  new  distributor 
design,   a  third  bubble   cap  nozzle  was  not  necessary  since  solids  which  packed 
in  behind  the   ring  distributor  would  not   interfere   at   all  with  the  solids    flow 
through   the   gasifier  boot. 
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4.2.7     Methanation 

Run  46C  provided  the   first  opportunity  to  operate  the  methanation  unit 
with  the  newly  installed  single-tube   reactor  (STR)  ,    DC-404,   in  service.     This 
reactor  was  installed  in  parallel  with  the  multi-tube  reactor  (MTR),   DC-402, 
as  shown  in  Figure  46-5.     The  purpose  of  the  STR  was   to  provide  an  inexpensive 
means  of  comparing  the  operation  of  reactors   containing  two-inch  diameter  tubes 
with  reactors   containing  one-inch  diameter  tubes. 

Figure   46-6  illustrates   the  design  of  the  STR.     The  reactor  is   simply 
a  two-inch  diameter  schedule  40   316  stainless   steel  pipe  which  is   jacketed 
with  a  four-inch  schedule  40   carbon  steel  pipe.     An  external  expansion  bellows 
was  provided  to   compensate  for  the   differential  expansion  between  the   two  pipes. 
Operation  of  the  STR  is   similar  to  that   of  the  MTR.      Reactive  gases  pass   down- 
ward through  the   catalyst   filled  two-inch  diameter  pipe.     To  provide   cooling, 
Dowtherm  A  is  pumped  through  the   annul  us  between  the  two  pipes.      An  axial 
thermowell  was  provided  in  the  STR  so  that   temperature  profiles   could  be  ob- 
tained. 

To  initially  minimize  the  pressure   drop  across   the  STR,    the  two-inch 
diameter  pipe  was   filled  to  a  level  of  only  63  inches.     The  top  60  inches 
consisted  of  1/8  X  1/8-inch  cylinders   of  CRG-A  catalyst.     The  bottom  3  inches 
consisted  of  1/8-inch  diameter  alumina  catalyst  support  spheres.      If  the 
catalyst  depth  proved  to  be  too  shallow  to  allow  near  complete   conversion 
of  the   feed  gas,   the  catalyst  depth  could  easily  be  increased  prior  to  a 
later  run. 

During  Run  46C,    the  methanation  unit  was  started  up   and  shut  down  three 
times.     The  first  shutdown  occurred  on  August   7,    1977,  when  the  gasification 
section,  which  supplies  synthesis   gas   to  the  methanation  unit,  had  to  be  placed 
in  a  standby  condition.     This  was   done  to  allow  repair  of  the  main  process   air 
compressor.     This  occurred  after  65  hours   of  methanator  operation.     The  second 
shutdown  occurred  after  17  hours  of  methanator  operation  on  August   8,    1977. 
The  methanation  unit  was  taken  off  line  because  a  power  failure  had  caused 
the  pilot  plant  boiler  to  shutdown.      The   third  methanator  shutdown  resulted 
from  the  gasifier  upset  which  terminated  the   run  on  August  10,    19  77.      At   the 
time  the  methanation  unit  had  been  operating   continuously  for  24  hours.      In 
all,    107  hours   of  methanator  operation  was    logged  during  Run  46C  for  which 
both  the  MTR  and  STR  were  in  service. 

Table  46-24  presents  the  measured  process  flow  data  for  the  methanation 
unit.     Most  of  the  gas  analyses,   except  where  noted,  were  obtained  using  the 
online  gas   chromatograph  analyses.     Run  46C  was   the   first  run   for  which  the 
online  chromato graphs  were  reasonably  reliable. 

The  measured  temperature  profiles  for  the  MTR  are  listed  in  Table  46-25; 
while  those  for  the  STR  are  presented  in  Table  46-26.  For  the  reader's  conven- 
ience,  several  of  the  profiles   are  plotted  in  Figures   46-7  through  46-9.      Because 
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of  the  present  piping  arrangement,    the   recycle   to   feed  gas    ratio  is   identical   for 
both   reactors.      Therefore,    the   diluent  effect  of  the   recycle  gas   on   limiting  the 
peak  temperatures  within  the   catalyst   filled  tubes   is   the  same   for  both   reactors. 
For  the  period  of  August   5   through  August    7,    1977,   the   recycle   ratio  averaged 
about   2.5   and  the  mass    flux,   LBS   of  fresh   feed  gas/HR/FT2   of  reactor  cross  sec- 
tion,   for  the  MTR  was  only  5  to   15  percent  below  that   of  the  STR.      Thus,    for  this 
period  the  inlet   feed  gas    conditions  were  nearly  identical   for  both   reactors. 
However,    the   temperature  profiles    clearly  show   that   the    1-inch  diameter  tubes 
were   far  superior  to   the   2-inch   diameter  pipe   in  dissipating  the  heat   released 
by  the  methanation  reaction.      This   is   not   surprising  since   the    1-inch   diameter 
tubes    (with  thermowells)   have  approximately  2.6  times  more  surface   area  per  unit 
volume  of  catalyst  than  the  2-inch  diameter  pipe   (with  thermowell) .      During  the 
final   day  of  methanation  operation   the  mass    flux  through   the  MTR  was    from  1.5 
to   1.65  times   that  of  the  STR.      Again,   as   shown  in  Figure  46-9,   the   1-inch   dia- 
meter tubes    limited  the  peak   reactor  temperature  better  than   the   2-inch  diameter 
pipe. 

4.3  PROBLEMS 

4.3.1     Deposits 

Inspection  of  the  gasifier  boot   after  Run  46C  revealed  deposits  of  both 
dead-burned  dolomite  and  limestone  around  the  boot  distributor  and  up  along 
the  walls  of  the  boot.      (See  Figure  46-10.) 

Dead-burned  dolomite  had  filled  up  the  dead  space  between  the  boot  distri- 
butor and  the  refractory  wall.      Because  this  material  was  exclusively  dead-burned 
dolomite,   the   deposit   formed  early  in  the  run  when  only  dead-burned  dolomite  was 
circulating  in  the  system.     This  was   expected  since  the  new  boot   distributor  had 
no  nozzles  pointing  toward  the  refractory  wall,   so  almost  no  gas    flowed  through 
this   area. 

Two  deposits  of  aged  acceptor  (acceptor  with  shells)    covered  the  walls 
of  the  boot.     One  deposit  extended  3-3/4  feet  up  the  boot  wall  and  protruded 
nearly  half  way  across   the  boot   cross-section  in  places.     The  other  deposit 
was    1-3/4  feet  high  and  was   as   thick  as   the   first  deposit  in  places. 

These  boot   deposits  probably  formed  during  the   run,    after  an  early  upset 
when  boot   flow  was  totally   lost  due  to  a  sensing  line  peak.     Soon  after  this 
upset  the  pressure  drop  in  the   lower  part  of  the  boot,   as   indicated  by  dPT-2083, 
became  more  erratic.     The  pressure  taps  were  blown  clear  but  no  improvement 
occurred.     The  erratic  behavior  of  the  differential  pressure  reading  is   taken 
as   an  indication  of  the  boot  deposit's  presence. 

It  is  possible  that  when  boot   flow  was    lost,  solids  backflowed  into  the 
boot  distributor  and  plugged  some  of  the  gas  nozzles.     When  flow  was   regained 
gas  distribution  was  poor,  so  some  areas   of  the  boot  were  not   fluidized  as  well 
as  others.     Solids   in  these  areas  would  stagnate.     Since  the  steam  partial  pres- 
sure in  the  boot  was  high  at   the  time   (12  atmospheres),   these  stagnant  solids 
could  agglomerate  on  the  boot  walls. 
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A  three  to   four  foot   long  deposit   formed  in  the  transition  section.     This 
deposit  also  consisted  primarily  of  aged,   6X8  mesh  acceptor  with  slaked  acceptor 
dust  forming  the  bonding  material.     As  shown  in  Figure  46-10,   the  deposit  almost 
completely  closed  the  transition  section.      If  the  deposit  had  formed  during  the  run, 
acceptor  circulation  could  not  have  been  maintained  through  the  narrow  opening. 
Therefore,   these  deposits   formed  during  shutdown  while  the  gasifier  was   cooling 
down.     The  lower  temperatures  permitted  steam  that   remained  in  the  gasifier  to 
slake   and  agglomerate  the  acceptor. 

The  regenerator  reactor  was  essentially  free  of  deposits.     Only  a  minor, 
1/16-inch  thick  layer  of  glazed  scale  deposit  was  on  the  walls  at  the  bottom 
of  the  regenerator. 

The   calcined  acceptor  transfer   line    (CD-206)   was   also  essentially   free 
of  deposits.     Only  two  minor  line  scale  deposits  were  found.     The  first  formed 
just  below  the  multi-N2  purge  spool  piece   and  was   1/8-inch  thick,    1-1/2-mches 
wide     and  1  to  2   feet   long.     The  other  formed  at  the  S-9  sample  station  spool 
piece  and  was   about   1/4-inch  thick,    1-inch  wide,    and  6-inches    long.     The  rest 
of  the  line  was   clear. 

The  CD-206   line  had  far  fewer  deposits   in  Run   46  than  in  the  previous 
Velva  lignite  runs.     There  are  two  possible   reasons   for  this:     First,   the  newly 
installed  multiple  N2  purge  spool  piece  could  have  prevented  C02  from  the  re- 
generator from  entering  the   line  and  recarbonating  some  of  the  acceptor. 

Second,   the  regenerator  was  operated  at   10  to  20°F  higher  temperature  to 
insure  that   acceptor  entering  the   calcined  acceptor  standleg  was    fully  calcined. 

A  hard  glazed  deposit  of  what  appeared  to  be  agglomerated  ash  and  accep- 
tor fines   formed  in  the  gooseneck  portion  of  the  regenerator  flue  gas  exit  nozzle 
during  Runs   46B   and  46C.     Similar  deposits   formed  in  this  section  of  line  during 
Runs   39   and  43B.      Although  the  Run  46C  deposit   (the  largest  of  the  Run  46  deposits) 
restricted  the  gas  exit  pipe  opening  to  approximately   1/3  of  the  original   cross- 
sectional  area,   the  deposit  did  not  noticably  interfere  with  the  pilot  plant  oper- 
ation      Piping  geometry  may  play  a  key  roll  in  the  formation  of  the  deposit. 
The  deposits  have   always  been  almost  totally   (98  percent)    confined  to  the  goose- 
neck portion  of  the  flue  gas   line  which   leads   to  the  ash  cyclones,   L-202  and 
L-202A.     The  gas   flow  undergoes   a  210  degree  directional   flow   change  in  the 
gooseneck.     No  deposit   forms   in  the  straight  lines  which   lead  to  and  from  the 
gooseneck  section.     A  more  important   factor  which  may  affect  the  deposit  for- 
mation is  the  local  temperature  condition  in  the  gooseneck  section. 

The  gooseneck  is  the   first  section  of  flue  gas    line  which  is  water  jacketed. 
The  flue  gases  may  cool  enough  to  allow  some  recarbonation  of  acceptor  fines  which 
could  lead  to  the   formation  of  the  deposits. 
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The  gooseneck  deposits  are  not  expected  to  be  a  problem  in  commercial 
plants  since  heat  is  not  removed  from  the  flue  gases  until  the  ash  and  attrited 
acceptor  fines  have  been  removed.  The  removal  of  the  fines  at  the  reactor  exit 
conditions  should  eliminate  conditions  favorable  for  the  formation  of  deposits 


4.3.2  Boot  Flow  Control 


rrrv  9n?n   ?*!  lu  Were  CaUSed  by   a  stickinS  st^am  flow  control  valve 

(FCV-2021)   After  the  run  the  valve  was  sent  to  the  instrument  shop  for  repairs 
It  was  back  m  service  for  Run  46C  and  caused  no  problems  during  that  run. 

In  Run  46C  the  control  valve  on  the  recycle  gas  to  the  boot  fFCV-20201 
slammed  completely  shut  when  a  flow  change  was  being  made  causing  a  boot  upset 
which  terminated  the  run.  At  the  time  recycle  gas  was  being  replaced  with 
steam  in  steps.  The  recycle  flow  was  down  to  a  very  low  rate,  with  the  valve 
almost  closed.  A  move  was  then  made  to  close  the  valve  a  bit  more   The  pres- 
sure loading  on  the  valve  actuator  diaphragm  was  already  at  15  PSIG  indicating 
that  the  valve  should  have  been  closed.  The  move  to  close  the  valve  further 
caused  the  valve  to  immediately  slam  shut. 

The  problem  with  the  control  valve  is  that  once  the  valve  loading  ex- 
ceeds 15  PSIG  the  actual  loading  becomes  uncertain  because  it  no  longer  in- 
creases linearly  with  the  controller  indicator  setting.  The  move  to  increase 
valve  loading  over  15  PSIG  resulted  in  a  sudden  rather  than  a  gradual  increase 
in  the  diaphragm  pressure. 

In  order  to  prevent  this  mishap  from  occurring  again,  the  valve  position- 
ing was  changed  after  the  run  so  that  the  valve  would  be  fully  closed  at  14  PSIG 
Thus,  if  the  valve  does  not  close  during  operation  at  a  loading  of  14  PSIG  there 
will  still  be  another  1  PSI  of  loading  available  to  force  the  valve  closed'and 
the  exact  loading  can  be  precisely  controlled  by  the  controller  setting. 
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5        FUTURE   PLANS 

Because  the  pilot  plant  program  will   come  to  an  end  after  the  next  run, 
no  more  high  pressure  runs   are  scheduled. 

The  next  run  will  feature  the  use  of  reconstituted  acceptor.     The  per- 
formance of  this  material  in  the  pilot  plant  will  be  tested  and  compared  to 
that  of  fresh  limestone.     Particular  attention  will  be  paid  to  the  reconsti- 
tuted acceptor's  attrition  resistance   and  its   activity. 
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Figure  46-6.      SINGLE-TUBE  METHANATOR  DESIGN 
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Figure  46-10.      GASIFIER  BOOT  AND  TRANSITION  SECTION  DEPOSITS  FOR 
RUN  46C   INSPECTION 
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Date 

Time 

Screen  Size,  Wt 
Tyler  Mesh 
+4 
4X6 
6X8 
8X9 
9  X  10 
10  X  12 
12  X  14 
14  X  16 
16  X  20 
20  X  24 
24  X  28 
-28 


%  Calcine  Weight  Change 


Elemental  Analysis, 

Wt  % 

Si02 

so3 

Na20 

CaO 

MgO 
K20 

A12°3 
Fe203 

p2o5 

7/13/77   -«£—  7/14/77 — 3-     7/15/77 
1445  2000  0500  1225   2140   1255   1925 

I      I      I      I       I       I       I 


0 

0.2 

1.2 

4.3 

8.3 

6.9 

19.2 

4- 

4- 

4- 

6.7 

4- 

4-4- 

4- 

5.2 

8.5 

14.8 

9.7 

28.0 

36.5 

39.2 

4- 

4- 

4- 

30.1 

4- 

4- 

4- 

58.3 

58.6 

58.7 

26.6 

47.8 

45.4 

32.8 

4- 

4- 

4- 

15.8 

4- 

4- 

4- 

34.2 

28.2 

24.2 

4.8 

13.3 

7.1 

5.3 

4- 

4- 

4- 

0.7 

4- 

4- 

4- 

2.0 

4.2 

0.7 

0.3 

1.8 

3.0 

2.6 

0.3 

0.4 

0.4 

1.0 

0.8 

1.1 

0.9 

-3.8   -1.2 


•1.4   -1.4 


TiO< 


3.56 

4.19 

4.27 

5.28 

0.05 

0.12 

0.20 

0.10 

0.13 

0.18 

0.20 

0.20 

66.03 

72.80 

82.82 

83.97 

26.84 

18.83 

9.20 

6.82 

0.02 

0.03 

0.02 

0.03 

1.73 

1.61 

1.49 

2.07 

1.42 

1.33 

1.35 

1.36 

0.04 

0.03 

0.05 

0.06 

0.06 

0.09 

0.08 

0.09 

Table  46-13.   PURGED  ACCEPTOR  FOR  WN  46B 
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Date 


Time 


7/13/77  -e 7/14/77— s-     7/15/77 

2300    0700   1600   2300   0800   1600 


Screen  Size,  Wt  % 

Tyler  Mesh 

+35 

1.1 

1.0 

2.9 

2.7 

1.9 

2.4 

35  X  48 

0.8 

0.3 

1.7 

11.7 

7.1 

2.4 

48  X  65 

9.0 

1.6 

6.4 

10.8 

11.9 

7.9 

65  X  100 

17.2 

11.1 

21.5 

20.7 

19.0 

14.5 

100  X  200 

48.3 

61.8 

58.1 

49.5 

50.7 

60.0 

200  X  325 

23.7 

22.9 

9.3 

4.1 

8.2 

10.3 

-325 

0 

1.3 

0 

0.5 

1.1 

2.4 

Ultimate  Analysis,  Wt  % 

C 

55.62 

60.10 

64.92 

65.94 

66.17 

64.64 

H 

1.39 

1.58 

1.37 

1.26 

1.60 

1.85 

N 

0.28 

0.27 

0.25 

0.26 

S 

0.70 

0.75 

0.68 

0.75 

0.67 

0.85 

Ash  +  S03 

27.58 

25.64 

23.32 

22.40 

22.34 

22.99 

Elemental  Analysis,  Wt  % 

Si02 

18.23 

18.00 

16.33 

21.20 

21.07 

19.47 

S03 

5.46 

6.76 

7.56 

7.84 

7.92 

8.99 

Na20 

1.20 

1.37 

2.24 

2.75 

2.56 

2.13 

CaO 

51.04 

52.42 

53.63 

44.60 

47.17 

48.13 

MgO 

3.62 

3.52 

4.25 

5.16 

5.18 

5.05 

K20 

0.21 

0.73 

0.23 

0.38 

0.36 

0.38 

A1203 

11.79 

10.66 

6.53 

10.79 

10.03 

9.71 

Fe203 

7.42 

6.30 

6.91 

5.64 

5.02 

4.88 

p2°5 

0.60 

0.39 

0.38 

0.39 

0.38 

0.41 

Ti02 

0.31 

0.29 

0.46 

0.25 

0.37 

0.37 

Table  46-19.   GASIFIER  QUENCH  TOWER  SOLIDS  FOR  RUN  46B 
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Date 


8/4/77  8/5/77  8/6/77  8/7/77  8/8/77  8/9/77 


Screen  Size,  Wt  % 

Tyler  Mesh 

+35 

Tr 

6.3 

4.9 

7.1 

5.1 

5.4 

35  X  48 

4.2 

2.8 

0.7 

1.8 

2.2 

2.1 

48  X  65 

4.2 

3.5 

1.4 

1.8 

4.4 

2.5 

65  X  100 

13.9 

10.5 

9.7 

8.0 

18.4 

10.0 

100  X  200 

43.1 

32.9 

32.6 

27.4 

41.9 

32.1 

200  X  325 

23.6 

33.6 

33.3 

23.9 

18.4 

25.2 

-325 

11.1 

10.5 

17.4 

30.1 

9.6 

22.7 

Ultimate  Analysis,  Wt  % 

c 

62.84 

63.35 

62.00 

62.12 

62.26 

62.87 

H 

1.14 

1.13 

1.24 

1.33 

1.24 

1.36 

N 

0.24 

0.21 

0.24 

s 

1.56 

1.94 

1.73 

1.74 

1.20 

1.41 

Ash  +  S03 

22.11 

21.85 

21.78 

19.91 

22.13 

22.35 

Elemental  Analysis,  Wt  % 

Si02 
S03 
Na20 
CaO 

13.45 

14.80 

18.55 

17.17 

15.38 

16.27 

17.14 

18.35 

13.63 

14.16 

12.53 

13.40 

1.37 

1.53 

1.72 

1.35 

1.86 

1.62 

49.77 

46.15 

45.85 

47.08 

49.88 

48.06 

MgO 
K20 
A1203 
Fe203 

P2O5 
Ti02 

4.61 

4.56 

4.82 

4.58 

4.81 

4.79 

0.17 

0.20 

0.30 

0.29 

0.34 

0.32 

6.93 

7.39 

8.13 

8.25 

8.30 

8.49 

5.65 

6.15 

6.01 

6.07 

5.91 

5.98 

0.41 

0.38 

0.43 

0.52 

0.47 

0.37 

0.33 

0.38 

0.37 

0.38 

0.37 

0.40 

Table  46-20.   GASIFIER  QUENCH  TOWER  SOLIDS  FOR  RUN  46C 
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Run  46B 


Run  46C 


Gasifier 


Coal  Feed 
Boot  Flow 
Side  Flow 


TE-2215/2216 
TE-2040 
TE-2057 


Temperature,  F 

350  360 

1450  1450 

1510  1500 


Regenerator 
Air  Inlet 
Acceptor  Lift  Gas 
Char  Lift  Gas 


TE-2026 
TE-2013 
TE-2041 


750 
790 
780 


750 
785 
790 


Table  46-21.  AVERAGE  PREHEAT  TEMPERATURES  FOR  RUNS  46B  AND  46C 
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Date 
Time 

dPR-* 

2030 
2089 
2088 
2087 
2094 
2093 
2001 
2002 
2083 
2019 
2037 
2021 
2022 
2073 
2074 
2075 
2076 
2077 
2024 

?o?.<; 

2026 
2102 
7120 
2036 
2028 
2029 
2080 


Chart 
Chart  Zero 


-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 

-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/1C0 
0/1  rn 

-10/10 
0/1(0 

o/ieo 

-10/10 
0/100 
0/100 
0/100 


9.0 

4.2 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.2 
9.0 
4.2 
4.8 
3.0 
3.0 
3.0 
3.0 
3.0 
4.2 
4.2 
9.0 
4.2 
4.2 
9.0 
4.8 
4.2 
9.0 


Range 
In.   W.C. 

554.0 

25.0 

168.7 

43.7 

53.9 

115.4 

126.2 

57.1 

57.7 

300.0 

100.0 

50.0 

50.0 

150.0 

180.0 

180.0 

144.0 

144.0 

93.6 

■?on.n 

40.0 

100.0 

300.1 

100.0 

50.0 

50.0 

40.0 


7/13/77 
2300 


6.3 
10 
27 
61 
63 

31.5 
17 

42.5 
59 
46 

-1.6 
81 
42 
49 
74 
77 
45 
27 
100 
3? 

-1.0 
33 
68 

-2.2 
41 
39 
96 


1100 


7.8 
32 
27 
54 
57 
29 
15 
42 
55 
21 

-3.1 
98 
49 
50 
71 
70 
36 
24 
100 
<7 

-1.8 
24 
38 
-4 
42 
45 
93 


7/14/77 

1500     1900 


2300 


0300 


7/15/77- 

0700     1100 


Chart  Readings 


7.6 
40 
26 
56 
58 

29.5 
16 
42 
54 
29 

-3.5 
98 
53 
48 
65 
66 
35 
20 
95 
48 

-1.8 
25 
47 
-3 
43 
47 
92 


7.4 
62 
26 
57 
59 
30 
16 
40 
52 
25 

-3.2 
98 
55 
47 
65 
67 
39 
22 
95 
47 
-1.7 
24 
47 

-3.0 
43 
52 
89 


7.4 
58 
27 
59 

60.5 
31 

16.5 
38 
52 
24 

-3.4 
99 
S3 
47 
62 
65 
36 
22 
93 
"5 

-1.8 
25 
47 
-3.4 
43 
51 
89 


7.4 
58 
27 
59 
61 

30.5 
16.5 
38 

51.5 
23 

-3.1 
97 
52 

46.5 
63 
64 
36 
21 
96 
"5 

-1.7 
25.5 
44 

-3.7 
42 
51 


7.3 
67 

27.5 
57.5 
60 
30 
16 
38 
51 
23 

-3.0 
99 

53.5 
45.5 
60 
65 
35 
21 
95 
"5 

-1.7 
24.5 
43 
-3.4 
41 
54 
90 


7.5 
59 
27 
58 

59.5 
30 
16 
38 
50 
18 

-2.5 
100 
57 
45 
61 
62 
34 
20 
93 
46 

-1.8 
23 
41 

-3.5 
43 
55 
90 


1615 


7.4 
47.5 
27 
59 

59. 5 
30 

16.5 
38 

48.5 
22 

-2.9 
99 
58 
43 
57 
63 
33 
21 
92 
46 

-1.7 
23 

46.5 
-4.0 
43.5 
55 
82 


1915 


7.4 
17 
26 
56 
57 
29 

15. S 
37 
48 
25 

-2.8 
80 
60 
42 
56 
63 
35 
23 
88 
47 
-1.1 
23 
46 
-4.2 
43 
50 
85 


Location* 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 


Pressure,  In.  W.C 


0.00 

50.60 

147.55 

226.51 

335.51 

327.72 

270.19 

193.93 

-148.84 

-189.05 

1.97 

75.81 

261.64 

250.34 

211.48 


0.00 

56.25 

143.29 

216.45 

252.04 

237.13 

166.65 

88.04 

-222.09 

-257.77 

3.56 

72.38 

166.59 

145.83 

104.26 


0.00 

54.55 

144.95 

219.98 

279.64 

262.52 

191.04 

116.68 

-183.95 

-214.86 

3.44 

71.45 

191.88 

176.54 

132.77 


0.00 

61.00 

154.39 

228.33 

277.02 

261.13 

189.73 

118.02 

-184.49 

-218.19 

3.31 

76.63 

195.22 

180.12 

133.17 


0.00 

55.30 

78.91 

131.49 

226.60 

314.40 

260.60 

158.80 

-158.83 

-195.42 

3.14 

76.33 

225.99 

204.43 

169.95 


0.00 

61.35 

155.60 

227.48 

269.46 

254.33 

183.77 

111.60 

-179.05 

-211.03 

3.29 

78.80 

190.19 

171.25 

126.09 


0.00 

63.90 

156.05 

226.75 

268.57 

253.99 

181.36 

110.46 

-176.88 

-209.08 

3.27 

80.38 

189.10 

171.63 

125.68 


0.00 

62.12 

155.12 

225.95 

253.44 

241.17 

166.95 

97.47 

-180.55 

-210.80 

3.52 

76.91 

178.50 

160.68 

112.84 


0.00 

57.02 

151.22 

222.41 

262.01 

247.66 

174.02 

108.13 

-172.90 

-205.79 

3.19 

71.69 

189.16 

168.96 

120.46 


0.00 

48.83 

136.54 

203.55 

250.61 

237.16 

170.20 

103.93 

-175.34 

-210.92 

2.09 

63.94 

183.29 

161.46 

117.04 


•Refer  to  Figure  1. 
**Static  pressure  at  Location  1  is  190  psig. 
Pressure  is  relative  to  pressure  at  Location  1. 
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Date 

8/2/77 

-* 

8/3/77 

^~ 

8/4/77 

Time 

Chart 

Range 

1930 

2300 

0300 

0700 

1200 

1525 

1910 

231S 

0300 

0700 

dPR-* 

Chart 

Zero 

In.  W.C. 

Chart  Readings 

2030 

-10/10 

9.0 

554.0 

6.2 

6.2 

6.1 

6.1 

6.1 

6.0 

6.1 

6.1 

6.2 

6.2 

2089 

0/100 

4.2 

25.0 

7 

45 

43 

70 

67.5 

71 

65 

58 

46 

22 

2088 

0/100 

3.0 

168.7 

28 

27.5 

27 

26.5 

25.5 

26 

26 

26.5 

26 

24 

2087 

0/100 

3.0 

43.7 

64 

59 

56.5 

56 

55 

55 

55 

55 

55 

50.5 

2094 

0/100 

3.0 

53.9 

64 

59.5 

56.5 

56 

55 

55 

44.5 

56 

55 

50 

2093 

0/100 

3.0 

115.4 

33 

31 

29.5 

29 

28 

28.5 

28.5 

28 

28.5 

26 

2001 

0/100 

3.0 

126.2 

18 

17 

16 

16 

15.5 

16 

15.5 

15.5 

16 

14.5 

2002 

0/100 

3.0 

57.1 

44 

45 

43 

42.5 

42.5 

42.5 

42.5 

43 

39.5 

39.5 

2083 

0/100 

3.0 

57.7 

63 

62 

61 

59.5 

58 

58 

57 

56 

54 

53 

2019 

0/100 

4.2 

300.0 

39 

42 

45 

44 

44 

41 

41 

41 

45 

44 

2037 

-10/10 

9.0 

100.0 

-1.2 

-2.0 

-1.4 

-1.6 

-1.4 

-1.4 

-1.6 

-1.5 

-2.2 

-1.6 

2021 

0/100 

4.2 

50.0 

70 

75 

78 

82 

78 

90 

91 

93 

97 

95 

2022 

0/100 

4.8 

50.0 

46 

44 

45 

47 

45 

53 

53.5 

53 

59 

56 

2073 

0/100 

3.0 

150.0 

48 

33 

47 

46 

45 

45 

45 

45 

45 

43 

2074 

0/100 

3.0 

180.0 

74 

70 

70 

70 

70 

70 

65 

60 

60 

60 

2075 

0/100 

3.0 

180.0 

79 

79 

77 

74 

74 

73 

73 

72 

69 

70 

2076 

0/100 

3.0 

144.0 

50 

48 

48 

45 

45 

42 

43 

42 

42 

41 

2077 

0/100 

3.0 

144.0 

35 

31 

37 

30 

30 

30 

28 

35 

32 

25 

2024 

0/100 

4.2 

93.6 

96 

93 

87 

86 

85 

100 

97 

99 

97 

97 

5n?i; 

n/iro 

4.2 

300.0 

37 

36 

37 

36 

37 

30 

31 

31 

32 

32 

2026 

-10/10 

9.0 

40.0 

-2.2 

-2.3 

-2.4 

-2.4 

-2.4 

-2.5 

-2.4 

-2.2 

-2.3 

-2.5 

2102 

0/100 

4.2 

100.0 

35 

34.5 

31.5 

31.5 

29 

28 

28.5 

30.5 

32 

24 

2020 

0/100 

4.2 

300.0 

67 

63 

62 

63 

63 

57 

55 

57 

55 

58 

2036 

-10/10 

9.0 

100.0 

-1.5 

-1.1 

-1.0 

-1.5 

-2 

-1 

-1.0 

-1.2 

-1.2 

-1.0 

2028 

0/100 

4.8 

50.0 

38 

43 

42.5 

43 

45 

47 

48 

48 

48 

46 

2029 

0/100 

4.2 

50.0 

27 

31 

32 

38 

48 

44 

43 

49 

52 

48 

2080 

0/100 

9.0 

40.0 

90 

86 

91 

87 

82 

83 

87 

83 

85 

82 

Location* 

Pressure  In. 

W.C.** 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

51.16 

57.56 

58.42 

63.20 

61.57 

65.02 

63.32 

60.40 

56.85 

48.50 

3 

154.37 

146.11 

147.37 

152.04 

146.76 

151.33 

144.32 

146.99 

142.40 

128.15 

4 

239.95 

223.65 

226.12 

230.50 

222.37 

228.05 

220.02 

222.53 

214.58 

199.16 

5 

330.96 

315.62 

331.68 

334.25 

324.24 

321.89 

314.03 

316.70 

319.09 

302.51 

6 

324.96 

324.82 

324.90 

326.42 

317.51 

315.12 

306.28 

309.42 

308.54 

294.71 

7 

272.45 

266.43 

267.11 

266.13 

259.31 

246.95 

237.48 

239.95 

233.05 

222.99 

8 

199.68 

212.13 

193.59 

194.88 

188.38 

176.45 

167.11 

169.70 

161.97 

156.11 

9 

-156.46 

-145.34 

-148.07 

-141.93 

-145.33 

-142.24 

-144.99 

-139.81 

-141.12 

-142.91 

10 

-208.70 

-193.26 

-203.17 

-187.44 

-190.43 

-186.12 

-186.13 

-192.69 

-189.40 

-180.25 

11 

4.31 

4.35 

4.71 

4.63 

4.68 

5.01 

4.79 

4.25 

4.46 

4.92 

12 

77.70 

85.70 

82.19 

86.74 

82.91 

85.20 

83.98 

83.09 

81.37 

64.42 

13 

255.64 

265.02 

250.28 

256.23 

255.34 

237.95 

230.24 

235.31 

229.12 

219.05 

14 

248.14 

259.08 

245.12 

248.57 

244.95 

232.78 

225.09 

229.13 

222.87 

213.93 

15 

215.73 

225.05 

209.13 

209.01 

200.34 

188.88 

181.12 

182.17 

175.06 

168.25 

•Refer  to  Figure  1. 
"Static  pressure  at  Location  1  is  190  psig. 
Pressure  is  relative  to  pressure  at  Location  1. 
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Date 

8/4/77 

8/5/77 

-^ 

8/6/77  — 

»— 

■  8/7/77  — 

— *— 

Time 

Chart 

Range 

1135 

2330 

1510 

0700 

0315 

1115 

1910 

0310 

0715 

1915 

dPR-* 

Chart 

Zero 

In.  W.C. 

Chart  Readings 

2030 

-10/10 

9.0 

554.0 

6.3 

6.5 

6.8 

6.6 

6.1 

6.1 

6.2 

6.4 

6.3 

6.4 

2089 

0/100 

4.2 

25.0 

25 

53 

34 

38 

75 

53 

47 

84 

83 

48 

2088 

0/100 

3.0 

168.7 

23 

23 

24 

23.5 

26 

25 

26 

25.5 

24.5 

24 

2087 

0/100 

3.0 

43.7 

50 

51 

51 

51 

54 

55 

55.5 

54 

52 

53 

2094 

0/100 

3.0 

53.9 

50 

50 

49.5 

50 

54 

55 

44.5 

53.5 

51.5 

52 

2093 

0/100 

3.0 

115.4 

26 

26.5 

26 

26.5 

28 

28.5 

28.5 

27.5 

27 

27.5 

2001 

0/100 

3.0 

126.2 

14 

14.5 

14 

14 

15 

16 

16 

15 

14.5 

16 

2002 

0/100 

3.0 

57.1 

38 

36 

34 

35 

30.5 

30 

30 

30 

30 

30 

2083 

0/100 

3.0 

57.7 

52 

48 

45 

46 

43 

43 

44 

44 

44 

44 

2019 

0/100 

4.2 

300.0 

43 

26 

20 

25 

20 

22 

22.5 

21 

20 

24 

2037 

-10/10 

9.0 

100.0 

-1.0 

-1.5 

-2.1 

-1.7 

-2.0 

-2.4 

-2 

-2.8 

-3.0 

-2.0 

2021 

0/100 

4.2 

50.0 

95 

91 

84 

87 

83 

83 

78 

78 

73 

82 

2022 

0/100 

4.8 

50.0 

54 

52 

49 

53 

49 

52 

47 

47 

47 

49 

2073 

0/100 

3.0 

150.0 

43 

39 

37 

38 

36.5 

37 

36.5 

36 

36 

37 

2074 

0/100 

3.0 

180.0 

60 

53 

49 

52 

50 

50 

SO 

48 

44 

57 

2075 

0/100 

3.0 

180.0 

68 

62 

60 

62 

58 

60 

63 

63 

63 

62 

2076 

0/100 

3.0 

144.0 

39 

39 

37 

35 

35 

33 

36 

37 

42 

33 

2077 

0/100 

3.0 

144.0 

25 

24 

23 

25 

23 

24 

24 

30 

40 

17 

2024 

0/100 

4.2 

93.6 

95 

96 

88 

91 

83 

70 

74 

75 

73 

78 

2025 

0/100 

4.2 

300.0 

33 

37 

37 

37 

36 

41 

39 

39 

40 

41 

2026 

-10/10 

9.0 

40.0 

-2.5 

-2.2 

-1.6 

-2.4 

-1.4 

-1.2 

-.7 

-0.7 

-0.7 

-.7 

2102 

0/100 

4.2 

100.0 

23 

20 

15 

17 

25 

25 

26 

27 

26 

24.5 

2020 

0/100 

4.2 

300.0 

53 

42 

38 

40 

35 

39 

39 

37 

38 

45 

2036 

-10/10 

9.0 

100.0 

-1.0 

-1.0 

-1.0 

-1.0 

-1.2 

-1.0 

-1.0 

-1.0 

-1.0 

-1.1 

2028 

0/100 

4.8 

50.0 

47 

50 

44 

49 

47 

50 

50 

50 

47 

51.5 

2029 

0/100 

4.2 

50.0 

48 

45 

41 

47 

45 

45 

45 

43 

40 

46 

2080 

0/100 

9.0 

40.0 

83 

84 

83 

85 

83 

83 

82 

85 

80 

84 

Location* 

Pressure,  In 

.  W.C.** 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

48.07 

54.56 

52.59 

52.57 

65.33 

57.07 

58.32 

65.80 

63.63 

54.06 

3 

125.29 

133.52 

130.28 

131.35 

146.87 

142.97 

138.39 

148.83 

146.39 

138.08 

4 

192.35 

198.56 

192.05 

193.53 

205.03 

204.11 

199.64 

208.90 

207.46 

201.00 

5 

289.97 

248.33 

238.18 

226.32 

236.64 

242.61 

239.28 

244.26 

240.83 

246.14 

6 

285.23 

241.15 

230.18 

216.19 

227.34 

231.06 

229.73 

230.88 

226.10 

236.32 

7 

212.66 

172.41 

162.02 

153.17 

162.70 

166.83 

170.29 

171.47 

170.70 

17S.31 

8 

144.00 

110.64 

100.92 

94.96 

103.31 

108.48 

112.33 

114.31 

114.95 

118.03 

9 

-145.51 

-157.60 

-155.25 

-154.44 

-145.01 

-145.33 

-146.80 

-145.85 

-146.30 

-153.14 

10 

-182.48 

-193.43 

-191.90 

-188.13 

-179.19 

-181.64 

-182.47 

-190.80 

-206.22 

-179.17 

11 

4.97 

4.34 

4.82 

3.22 

2.78 

2.33 

1.39 

1.37 

1.36 

1.36 

12 

63.36 

66.59 

61.62 

59.33 

83.04 

74.23 

76.64 

85.16 

81.49 

70.39 

13 

206.31 

173.77 

164.04 

153.27 

170.56 

171.52 

174.60 

176.81 

173.93 

184.25 

14 

201.05 

168.56 

158.74 

148.09 

164.14 

166.33 

169.38 

171.59 

168.84 

178.65 

IS 

156.18 

123.32 

113.78 

107.36 

121.58 

120.85 

124.22 

127.36 

126.39 

131.04 

•Refer  to  Figure  1. 

"Static  pressure  at  Location  1  is  190  psig. 
Pressure  is  relative  to  pressure  at  Location  1. 
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Date 

— < 

-8/8/77  — 

^-> 

— « 

-  8/9/77  — 

^- 

Time 

0300 

1200 

1900 

0300 

0700 

1136 

1500 

2310 

Chart 

Range 

dPR-* 

Chart 

Zero 

In.  W.C. 

Chart  Reac 

lings 

2030 

-10/10 

9.0 

554.0 

6.4 

6.5 

6.0 

6.3 

6.3 

6.5 

6.3 

6.4 

2089 

0/100 

4.2 

25.0 

75 

38 

48 

65 

58 

53 

65 

55 

2088 

0/100 

3.0 

168.7 

25 

25 

20 

28 

27 

27 

25 

26 

2087 

0/100 

3.0 

43.7 

54 

54 

47 

60 

58 

58 

55 

57 

2094 

0/100 

3.0 

53.9 

54 

54 

46.5 

60 

58 

58 

54 

54 

2093 

0/100 

3.0 

115.4 

28 

28 

23.5 

30.5 

29.5 

29 

28 

28 

2001 

0/100 

3.0 

126.2 

15.5 

16 

12.5 

17 

17 

17 

15.5 

15.5 

2002 

0/100 

3.0 

57.1 

30 

30 

31 

30 

30 

30 

30 

30 

2083 

0/100 

3.0 

57.7 

44 

45 

48 

48 

49 

49 

49 

49 

2019 

0/100 

4.2 

300.0 

24 

27 

26 

25 

35 

32 

35 

26 

2037 

-10/10 

9.0 

100.0 

-2.0 

-5.5 

-2.7 

-2.6 

-2.5 

-2.0 

-1.8 

-1.9 

2021 

0/100 

4.2 

50.0 

83 

80 

69 

79 

83 

89 

83 

85 

2022 

0/100 

4.8 

50.0 

50 

49 

41 

50 

54 

55 

56 

56 

2073 

0/100 

3.0 

150.0 

36.5 

37 

36 

38 

38 

38 

37.5 

38 

2074 

0/100 

3.0 

180.0 

53 

55 

56 

60 

60 

60 

55 

61 

2075 

0/100 

3.0 

180.0 

65- 

65 

53 

64 

67 

62 

62 

51 

2076 

0/100 

3.0 

144.0 

39 

38 

26 

38 

41 

41 

52 

38 

2077 

0/100 

3.0 

144.0 

28 

22 

16 

25 

32 

25 

37 

7 

2024 

0/100 

4.2 

93.6 

77 

77 

74 

80 

77 

83 

82 

80 

?n*?t; 

n/100 

4.2 

300.0 

40 

40 

38 

38 

33 

37 

37 

37 

2026 

-10/10 

9.0 

40.0 

-0.8 

-.8 

-1.4 

-1.6 

-l.fi 

-1.5 

-1.3 

-1.2 

2102 

0/100 

4.2 

100.0 

27 

24 

27 

30 

28.5 

25.5 

25.5 

29 

2020 

0/100 

4.2 

300.0 

43 

46 

41 

45 

54 

50 

54 

43 

2036 

-10/10 

9.0 

100.0 

-1.3 

-1.5 

-1.5 

-1.4 

-1.3 

-1.0 

-1.1 

-1.4 

2028 

0/100 

4.8 

50.0 

50 

52 

40.5 

51 

51 

52 

51 

53 

2029 

0/100 

4.2 

50.0 

45 

43 

37 

45 

45 

48 

45 

42 

2080 

0/100 

9.0 

40.0 

87 

85 

80 

84 

87 

84 

84 

86 

Locat 

ion* 

Pressure,  In 

.  W.C.** 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

37.31 

58.92 

46.41 

65.62 

61.15 

60.23 

59.47 

59.03 

3 

150.44 

144.32 

119.82 

158.59 

151.61 

149.42 

145.34 

144.99 

4 

232.33 

207.30 

180.73 

223.83 

217.77 

215.05 

210.01 

209.07 

5 

291.67 

260.86 

231.34 

271.08 

294.36 

282.37 

286.99 

259.28 

b 

278.77 

243.82 

218.20 

258.54 

282.24 

272.75 

278.22 

250.11 

7 

235.52 

183.36 

167.50 

197.49 

217.35 

203.75 

212.63 

182.96 

8 

196.12 

125.65 

111.32 

137.67 

157.83 

143.79 

154.18 

123.24 

9 

-174.68 

-151.18 

-136.21 

-146.48 

-141.20 

-144.62 

-143.13 

-142.37 

10 

-255.46 

-184.19 

-161.29 

-183.89 

-189.67 

-182.49 

-199.15 

-153.55 

11 

-46.49 

1.57 

2.65 

3.14 

3.09 

2.91 

2.51 

2.33 

12 

30.69 

74.86 

65.44 

87.94 

80.80 

77.92 

76.94 

80.28 

13 

71.49 

192.68 

167.84 

203.78 

224.93 

209.64 

219.35 

189.71 

14 

224.15 

184.98 

160.14 

196.53 

218.23 

204.45 

213.71 

182.47 

15 

193.09 

138.94 

122.66 

150.44 

171.84 

156.53 

167.09 

136.81 

*Refer  to  Figure  1. 
"Static  pressure  at  Location  1  is  190  psig. 
Pressure  is  relative  to  pressure  at  Location  1. 
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"3 


Temperature,  *F 
Pressure.    PSIC 

II  (Dry) 
H*  (Dry) 
CO  (Dry) 
CH4(Dry) 
C02(Dry) 
H2Q 

MN  (Wet) 
HHV  BTU/SCF   (Dry) 

Fresh  Hcthanator  Feed 
Feed  Cos,    SCFH(Wet) 
Feed   Cas.    SCFH(Dry) 
Temperature,  *F 
Pressure,   PSIC 
Compositions,    Mol    \ 

Kj   (Dry) 

N2   (Dry) 

CO   (Dry) 

CH   (Dry) 

CO   (Dry) 

mn  (Wet) 

HHV  BTU/SCF   (Dry) 

Hcthanator  Recycle 
Feed  Cas,SCPI(Wet) 
Feed  Gas,SCFH(Dry) 
Temperature,  *f 
Pressure,   PSIC 
Compositions,   Mol  \ 
H2   CDry) 

N2  (Dry) 
CO  (Dry) 
CM4(Dry) 
0*2  (Dry) 

MW   (Wet) 
IWV  BTU/SCF    (Dry) 
MTR   Peed 

Feed  Gas,SCFH(Wet) 
Feed  Cas.SCFH(Dry) 
Te^crature.f  (1) 
Temperature.  *F  (2) 
Pressure,  PSIC 
Compositions,  Mol   \ 

il2    (Dry) 

N2   (Dry) 

CO   (Dry) 

cl,4(Dry) 

C02(Dry) 


Feed  Cas,SCFH(Wct) 
Feed  Cas.SCFH(Ory) 

Pressure,    PSIC 
Compositions,    Mol    \ 

Hj    (Dry) 

H2    (Dry) 

CO   (Dry) 

CH,(Dry) 

COz  (Dry) 

HjO 

MW   (Wet) 
IDIV  BTU/SCF   (Dry) 

Adiabatic   Reactor 
Feed   g.is.SCFH(Wet) 
tiMd    ris.SCFH(Drv) 
Temperature.*  r 
Pressure.    PSIG 
Compositions.    Mol    \ 
H2   (Dry) 

N2  (Dry) 
CO  (Dry) 
dlj(Dry) 
C02(Dry) 


Water  Collected,   LB/HR 

Dowtherm  Circulation  Ha 
Temperature  tu  DC-402 
Temperature   to  DC-402 


Dowtherm 
Temper; 


>  STR,    LB/HR 
ire   to  STR.    "■ 
ire    frow  STR,    "1 


8/5/ 7 7  • 

8/S/77* 

8/S/77 

N/5/77 

8/S/77 

8/S/77 

8/6/77 

8/6/77 

0145 

05S0 

1100 

1S00 

1900 

2300 

0300 

0700 

30,079 

30,060 

23,793 

24,052 

23,417 

24.411 

24,706 

23,894 

'  102 
170 

29,917 

97 

23,654 
104 

170 

23,903 

106 

23^280 

104 
170 

24,284 

100 
170 

24.566 

104 
175 

23,746 

107 
17S 

55.91 
7.S2 

SS.81 
7.S2 

56.  36 
7.3S 

S6.42 
6.08 

56.27 
7.27 

56.98 
5.76 

57.34 
S.99 

57.37 

15.73 
13.33 

13.63 
13.03 

13.S1 

13.31 

14.23 
13.41 

13,20 

14.  JO 
13.59 

14.19 
13.19 

14.04 
13.03 

9.52 
0.55 

10.02 

9.47 

9    86 

9.54 

9.37 

9.29 

9.63 

0.S8 

0.62 

0.S8 

0.52 

0.57 

13.43 

13.  57 

13.31 

13.  JS 

13.36 

13.10 

13.04 

13.11 

360 

3S6 

360 

364 

360 

368 

36S 

363 

18,250 

17,805 

SBS 

19,092 

18,636 

5S4 

18.683 

18,148 

569 

16.288 

15,806 

SS4 

16,064 
1S.S9S 

542 

16.267 
1S.79S 

17,180 
16,617 

16,509 
IS. 951 

7.60 
14.90 
13.90 
5.10 
2.43 


60.22 
8.15 
14.54 


6.7S 
IS. OS 
14.55 

2.2S 


6.39 
15. IS 
14.66 
2. SO 
2.90 
10.93 


6.36 

14.51 
13.90 


0.90 
20.70 
0.00 

0.90 
20.20 

11.90 
19.30 

17.60 

H.70 
16.30 

12.90 
16.60 

1.  IS 

17.76 

1.27 

0.00 

0.00 

0.00 

0.00 

0.00 
79.50 

0.00 

75.60 

73.  B0 

68.80 

70.60 

69.00 

70.  SO 

2.80 

5.10 

0.00 

0.00 

O.OO 

0.00 

0.99 

0.20 

0.22 

0.20 

0.24 

0.26 

0.23 

0.20 

19. 17 

19.76 

16.69 

16.  SO 

IS. 94 

16.22 

18.45 

807 

766 

748 

733 

751 

745 

7S4 

812 

56.6S4 

S6.3S4 

58,306 

56.422 

S6.S80 

S6.494 

54  614 

S4.622 

54.009 

56,141 
5SB 

SS.841 
S58 

57,696 

5S.8SS 

56.033 

SS.959 

S3. 996 

18.46 

19.18 

26.  SO 

25.  IS 

27.15 

25.98 

18  60 

18.19 
14.53 

16.71 

16.29 

IS. 93 

14.S8 

13.7S 

13.84 

14.51 

4. 54 
56.80 

3.50 
0.91 

4.68 
54.56 
S.29 

4.  39 
52.44 

0.74 

4.20 
SS.44 

4.01 
S4.48 
0.60 

4.10 
SS.41 
0.68 

4.31 
60.17 
2.41 

4.11 
61.26 

0.91 

1.0S 

1.00 

0.97 

0.9S 

1.12 

16.28 

691 

16.99 

17.  35 

IS. 00 

14.97 

14. 56 

14.77 

648 

628 

630 

6S5 

6S1 

657 

682 

2,300 

2,289 

2,403 

2,456 

2.48* 

2,496 

2,344 

2,320 

2,268 

2,378 

2,432 

2.464 

2,473 

2,317 

2.294 

S58 

SSS 

SS9 

SS7 

559 

SS9 

142 

142 

148 

ISO 

153 

IS3 

IS3 

1S6 

18.46 

19.18 

26.  SO 

2S.15 

27. IS 

25.98 

18.60 

18.19 
14. S3 

16.71 

16.29 

IS. 93 

14. S8 

13.75 

13.84 

14. SI 

4.S4 

4.68 

4.39 

4.20 

4.01 

4.10 

4.31 

S6.80 

54. S6 

52.44 

SS.44 

54.48 

SS.41 

60.17 

61.26 

5.29 

0.74 

0.64 

0.60 

0.68 

2.41 

0.91 

1.0S 

1.00 

0.97 

0.95 

1.13 

16.99 

17.  SS 

15.00 

14.97 

14.56 

14.77 

16.38 

648 

628 

630 

6SS 

6SI 

6S7 

682 

691 

6,022 

5,948 

■..161 

7  ?17 

-    -,,, 

6,008 
67 

5.936 
64 

7,4« 
7fl 

7,198 
73 

7.S2S 

71 

7.' 487 
67 

6^691 

67 

7,11  J 

67 

135 

I3S 

141 

144 

117 

147 

147 

ISO 

0.90 

0.90 

11.90 

11.80 

14.70 

12.90 

I.  IS 

1.27 

20.70 

20.20 

19.30 

17.60 

16.30 

16.60 

17.76 

17. 7S 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

O.OO 

O.OO 

75.60 

73.80 

68.80 

70.60 

69.00 

70.  SO 

79.  SO 

79.99 

2.80 

S.10 

0.00 

0.00 

0.00 

0.00 

1.59 

0.99 

0.22 

0.20 

0.24 

0.26 

0.23 

0.20 

0.20 

0.20 

19.17 
76ft 

19.76 

16.69 

16.50 

15.94 

16.22 

18.45 

18.27 

32 ,  200         32 ,200  32 ,  400        52.400 


'Lab  data  used. 
(1)      fas    tcaperat 


■  gas   chronatograph   , 


1100 


1900 


2300 


■ 
0300  0700  0900  0300 


Carbonate    Tower 

Feed  Gas, 

Feed  Cm  . 

Temperature,*  h 

■ 

CO   (Dry) 

C02(Dry) 

n,o 

m   (Wet) 

i     (Dry) 

i  resh  Met.'.... 

...   sCFH(Dry) 

Pressure, 

■lis  ,    Mo  I     \ 

Fl2   (Dry) 

»,    (Dry) 

Ol.(Oty) 

002(Dry) 

E.,0 

tlHV  BTU/SCF   {Dry) 

Mcttiajialor    Recycle 

Feed   Gx> 

,    PSIG 

Compositions,  Mol  \ 

"2  C»iy) 

co  (Oty) 

CH4(0ry) 

CO,  (Dry) 

H20 

1 

miv  STU/^n 

MTR   Feed 
Feed  Gas  . 

.,    SCFH(Dry) 

Temperatun 
Pressure, 

Compositions,  Mol  \ 
M2  (Oiy) 
H.   (Dry) 


12.84 

9.29 


S7.ll 
S.69 

14.02 
L3.  10 

0.83 


3.S2 

S.32 

10.  7S 
393 

It. SI 
38b 

38,964 
38, 849 

■ 
38,233 

■ 

56.63 

13.41 

0.83 


13.84 
12. 9S 
10.16 


56.30 

S6.80 

56.99 

■ 

S.60 

. 

5.83 

14.03 

14.20 

13.70 

14.58 

12.82 

13   M 

13.20 

13.38 

10.32 

10.00 

10.40 

9.68 

0.S7 

0.62 

0.6S 

4.13 
12.00 


6.7S 

1.22 

1.S9 

1.26 

Q.96 

0.9S 

0.94 

0.76 

16.69 

17.29 

17.49 

17.90 

16.19 

1?    18 

19.41 

18.95 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

- 

80.18 

80.32 

79. 6S 

79.46 

78.  8S 

77.05 

76.18 

0.00 

1.30 

0.60 

1.19 

3.39 

3.01 

2   60 

4.  11 

0.30 

(i .  2 8 

0.30 

0.23 

0.19 

0.21 

0.21 

0.  19 

17.34 

18.30 

18.08 

18.  34 

18.79 

18.81 

18.96 

19.  35 

77S 

814 

Blfi 

809 

806 

800 

731 

772 

S2.36S 

51,462 

52,021 

52,419 

S3, 201 

SI. 841 

51,^:; 

48,067 

51,728 

50.582 

SI, 243 

51,690 

52,431 

51,121 

50.7S2 

47.419 

22. IS 

■ 


101V  BTU/S 


STR  Feed 

Fee  J    I",  IS, 

■ 

■ 

SCFlUDry 

■ 

re.   "F 

■     ■ 

Compos i ti 

.  .     ■ 

ll2  (Dry) 

■ 

CO  (Dry) 

H,0 

MV   (Net) 

IfltV   IITU/StF 

(Dry) 

factor 
■       i 
Feed  Gas,   SCFH    (Dry) 

Press..;,', 


I 
■ 
Cfl  (Dry) 

m 


,,., 


. 

■ 

2,178 

. 

. 

2,081 

: .  i  s: 

2.148 

22. IS 

i  ".     -,,. 
i.  31 

0.47 
1.22 

15.45 


62.06 
2.04 

1.  -1 


18.85 

: 


16.13 

IS. 67 

IS. 67 

4.2S 

4.02 

56.86 

S9.6S 

3.  11 

J     35 

1.30 

I.  3S 

6.  75 

1.22 

1.S9 

1.26 

0.96 

0.9S 

■  1 

0.76 

16.69 

17.49 

17.90 

16.19 

i-    IB 

19.41 

18. 9S 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

■  ;    ... 

80.16 

60.32 

79. 6S 

79.46 

78.85 

■ 

76.18 

0.00 

1.30 

0.60 

1.19 

3.39 

3.01 

2.60 

4.  11 

0.30 

0.26 

0.30 

0.23 

0.19 

0.21 

0.21 

0.19 

1 

■ 

18.08 

1 

18.79 

18.81 

IS. 96 

19.  35 

■■     LB/HR 
Temperature    to  Dl      I 
Teuperai  ire  J 

Dovtrterni   to  STK.    LB/HR 
iture   to  STR,  *F 
it  .re    from  STR,    *F 

Dowthenn  condensed,   LB/HR 
■ 
Dowthcrm  *F 

•Lab  data  used.      For  all    other  ease 
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Carbonate  Tower 

Feed  Gas   SCFH    (Wet) 
Feed  Gas  SCFH    (Dry) 

Pressure.   PSIC 

K2(Dry) 

N2    (Dry) 

CO  (Dry) 

CH  (Dry) 

CO   (Dry) 

f*i    (Wet) 
HHV   BTU/SCF    (Dry) 

Fresh  Mcthandtor  Feed 
Feed  Gas  SCFH  (Wet) 
Feed  Gas  SCFH  (Dry) 
Temperature,    "" 


8/8/77 

8/8/77 

8/8/  77 

8/9/77* 

8/9/77" 

8/10/77* 

0700 

1100 

1400 

16  30 

2030 

0000 

2S.742 
2S.S74 

10" 
166 

25,726 

25.558 

107 

23,745 
23,590 

107 

25,271 

25.085 
112 

170 

22,784 
22,630 

170 

22,586 

22,461 

102 

170 

56.32 

56.63 

56.80 

S4.4S 

54.55 

SS.76 

6.13 

7.14 

5    *7 

7. SI 

8.21 

6.81 

14.53 

13.33 
9.68 

O.BS 

14.47 
[2.2? 
9.49 
0.65 

14.79 
12.61 
10.03 
0.65 

15.02 
12.61 
10.41 

0.74 

14.21 
12.71 
10.31 
0.68 

14. SI 
12.91 
10.01 
0.5S 

13.35 
364 

13.37 
354 

13.37 
359 

14.04 
3S2 

13.98 
351 

13.60 
3S8 

13,277 

12,671 

15.669 
14,924 

14,696 
[4,011 

18,84  7 
18.275 

16,748 
16,265 

16,076 
15,631 

CO    iDryi 
014(Dry) 


Feed  Gas  SCFH  (Dry) 
Teraoerature ,   °  F 
Pressure.    PSIC 
Composition,    Mol   \ 
H2    (Dry) 
N,    (Dry) 
05    (Dry) 
CH4(Dry) 

C02CD*Y) 


1.82 

20.2  3 
0.00 

77.71 


7.71 

7.70 

15.62 

15.10 

14.01 

14.00 

3.00 

3.60 

3.04 

2.  as 

385 

383 

29,627 

32,525 

29,539 

32,438 

3.00 
2.77 


1.20 

1.30 

I"    10 

19.60 

0.00 

0.00 

76.60 

79.00 

MTR   Feed 

Feed  Gas  SCFH   (Wet) 
Feed  Gas  SCFH   (Dry) 
Temperature,   *F   (1) 
Temperature,   *F   (2) 
Pressure,   PSIG 
Composition,   Mol  \ 
Hj  (Dry) 
N2    (Dry) 
CO   (Dry) 
CH    (Dry) 
■  (i  ,f ' —  ' 

M 


COjtDiy) 


15.87 

19.26 

18.38 

23.73 

20.70 

19.63 

15.91 

14.37 

16.32 

13.08 

14.09 

IS.  89 

3.85 

4.70 

4.48 

S.97 

5.04 

.      4.87 

60.63 

60.40 

59.  S6 

52.86 

■ 

58.59 

3.76 

1.28 

1.26 

4.  36 

4.47 

1.01 

1.3S 

1.69 

1.S9 

1.  36 

1.16 

1.00 

17.24 

16.01 

16.33 

L6.:4 

16.69 

16.08 

STR  Feed 

Feed  Gas  SCFH   (Wet) 
Feed  Gas  SCFH   (Dry) 

Temperature,    *F 


CO  (Dry) 
at. (Dry) 
CO*  (Dry) 
HJ) 


2,278 

2,245 

2,206 

1,189 

1,119 

1.148 

2,247 

2,207 

2,171 

1.173 

1.137 

S24 

521 

S24 

557 

557 

56) 

152 

1S2 

152 

1S8 

158 

161 

IS. 87 

19.26 

18.38 

■ 

20.70 

19.63 

IS. 91 

14.37 

16.32 

13.08 

14.09 

IS. 89 

3.85 

4.70 

4.48 

5.97 

S.04 

4.87 

60.63 

60.40 

59.56 

52.86 

5S.69 

58.  S9 

3.76 

1.28 

1.26 

4.  36 

4.47 

1.01 

1.35 

1.69 

1.59 

1.36 

1.  16 

1.00 

17.24 

16.01 

16.33 

16.24 

16.69 

16.08 

Temperature,  *F 
Pressure,  PSIG 
Composition,   Mol  \ 

CO  CDrjr) 
™,C0ry) 
CO  (Dry) 
M 


0.82 

1.83 

1.82 

1.S0 

1.20 

1.30 

19.01 

17.  17 

20.23 

16.40 

17.30 

19.60 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

76.75 

80.49 

77.71 

76.90 

76.60 

79.00 

3.41 

0.S1 

0.24 

5.20 

4.90 

0.10 

0.19 

0.32 

0.32 

0.  30 

0.27 

0.16 

19.16 

17.98 

18.27 

19.25 

19.31 

18.23 

O  m 


Water  Collected,    LB/KR 


Dow  therm  ( 

Temperat 

Dow  therm  I 


ulation  Rate.LB/HR 
to  DC-4o;,DF 
from  DC-402,°F 

TR,  LB/IIR 
to  STR.'F 
fron  STR  "f 


For   all    other   gase: 


Date 

8/5/77 

8/5/77 

8/6/77 

8/6/77            8/6/77 

8/6/  77 

8/9/77 

8/9/77 

8/9/77 

Time.  Hrs. 

1730 

2250 

04  30 

1555                 1607 

2135 

1550 

1610 

2230 

Thermocouple  No. 

7 

7 

7 

7                       3 

7 

7 

6 

7 

DISTANCE   FROM 
BOTTOM  OF  TUBE, 
FT     -      IN 

TEMPERATURE, 

"F 

624 

615 

602 

639 

635 

619 

652 

656 

630 

661 

667 

638 

677 

683 

673 

652 

681 

685 

676 

661 

679 

681 

659 

674 

671 

652 

663 

664 

659 
639 

645 

643 

636 

630 
625 
615 
602 

621 

659 

660 

657 

664 
661 
653 

729 

642 

650 

724 

623 

696 

623 

621 

694 

613 

6  84 

600 

667 

582 

647 

Table   46-25.      MULTI-TUBE   REACTOR,    DC-402,   TEMPERATURE   PROFILES   FOR 
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RUN  47 

RUN  47A   AUGUST  25  TO  SEPTEMBER  8,  1977 
RUN  47B   SEPTEMBER  20  TO  OCTOBER  1,  1977 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 


278 


1   SUMMARY 

The  successful  completion  of  Run  47B  marked  the  last  demonstra- 
tion of  the  CO  Acceptor  Process  on  a  pilot  plant  basis.  Run  47  (both  A 
and  B)  demonstrated  for  the  first  time  that  a  reconstituted  acceptor 
could  be  circulated  at  a  sufficient  rate  to  fully  meet  the  gasifier  heat 
requirements.   It  was  further  shown  that  the  reconstituted  acceptor  be- 
came more  durable  as  the  run  progressed. 

Velva  lignite  was  continuously  gasified  for  almost  5  days  in  each 
run.  The  gasifier  heat  duty  was  completely  supplied  by  circulating 
reconstituted  acceptor  during  the  last  3  days  of  each  run.  Run  47B  pro- 
duced 43  hours  of  steady-state  operation  from  which  heat  and  material 
balances  could  be  calculated. 

Run  47A  ended  when  a  small  5-  to  6-inch  diameter  boot  deposit 
tumbled  into  the  recarbonated  acceptor  standleg  and  plugged  the  line 
above  the  acceptor  flow  control  valve.  The  deposit  was  composed  of 
agglomerated  acceptor  fines.   It  is  believed  that  the  deposit  formed  in 
a  dead  area  under  the  gasifier  boot  gas  distributor  during  the  run. 
This  dead  area  was  eliminated  by  a  metal  cone  attached  to  the  bottom  of 
the  gas  distributor  prior  to  Run  47B. 

Run  47B  ended  when  a  deposit  that  had  been  growing  on  one  of  the 
gasifier  boot  pressure  taps  was  broken  off  during  a  rodding  attempt  to 
clear  the  tap.  The  deposit  also  plugged  the  recarbonator  acceptor 
standleg. 
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2   TEST  DATA 

Run  47  data  are  presented  graphically  and/or  tabularly  at  the 
end  of  this  run  report.  These  figures  and  tables  include: 

Page 

Figure  47-1.  Hazen  Acceptor  Reconstitution  Unit  Flow  303 

Schematic 

Figure  47-2.   Location  of  Pressure  Balance  Points,  Run  47B 304 

Figure  47-3.  Acceptor  Activity,  Run  47B 305 

Figure  47-4.   Lignite  and  Auxiliary  Char  Flow  Rates  and  Gasifier 306 

Char  Bed:   Percent  Intermediate  Fines  Level  and 
Density,  Run  47B 

Figure  47-5.  Methanation  Unit  Flow  Diagram,  Run  47B 307 

Figure  47-6.  Multi-Tube  Reactor  Temperature  Profiles,  Run  47B 308 

Figure  47-7.  Multi-Tube  Reactor  Temperature  Profiles,  Run  47B 309 

Figure  47-8.  Multi-Tube  Reactor  Temperature  Profiles,  Run  47B 310 

Figure  47-9.  Multi-Tube  Reactor  Temperature  Profiles,  Run  47B 311 

Figure  47-10.  Multi-Tube  Reactor  Temperature  Profiles,  Run  47B  312 

Figure  47-11.  Multi-Tube  and  Single  Tube  Reactor  Temperature  313 

Profiles,  Run  47B 

Figure  47-12.  Gasifier  Deposit  Locations,  Run  47B 314 

Table  47-1.   Gasifier  Data,  Run  47A 315 

Table  47-2.   Gasifier  Data,  Run  47B  (2  sheets) 316 

Table  47-3.   Regenerator  Data,  Run  47A  (2  sheets) 318 

Table  47-4.   Regenerator  Data,  Run  47B  (2  sheets) .320 

Table  47-5.   Feedstock  Composites,  Run  47A  and  47B 322 

Table  47-6.   Calcined  Circulated  Acceptor,  Run  47A  323 

Table  47-7.   Calcined  Circulated  Acceptor,  Run  47B  324 

Table  47-8.  Recarbonated  Circulated  Acceptor,  Run  47A  (2  sheets)  .  .  .  .325 

Table  47-9.  Recarbonated  Circulated  Acceptor,  Run  47B  (2  sheets)  .  .  .  .327 

Table  47-10.   Gasifier  Char  Bed  Material,  Run  47A  (2  sheets) 329 

Table  47-11.   Gasifier  Char  Bed  Material,  Run  47B  (2  sheets) 331 

Table  47-12.   Gasifier  Cyclone  Solids  Analysis,  Run  47A 333 

Table  47-13.   Gasifier  Cyclone  Solids  Analysis,  Run  47B 334 
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Page 

Table  47-14.  Gasifier  Quench  Tower  Solids,  Run  47A  and  47B 335 

Table  47-15.  Regenerator  Purged  Acceptor,  Run  47A  336 

Table  47-16.  Regenerator  Purged  Acceptor,  Run  47B  (2  sheets) 337 

Table  47-17.  Regenerator  Ash  and  Attrited  Acceptor,  Runs  47A 339 

and  47B 

Table  47-18.  Pressure  Balance  Data,  Run  47A  340 

Table  47-19.  Pressure  Balance  Data,  Run  47B  341 

Table  47-20.  Balance  Period  Average  Preheat  Temperatures,  Run  47B  342 

Table  47-21.  Gasifier  Boot  Deposit  Analyses,  Runs  47A  and  47B  .  .  343 

Table  47-22.  Methanation  Unit  Operating  Conditions,  Run  47B  344 

(4  sheets) 

Table  47-23.  Methanation  Unit  Operating  Conditions,  Run  47B  348 

Table  47-24.  Methanator  Temperature  Profiles,  Run  47B  349 

Table  47-25.  Single  Tube  Methanator  Temperature  Profile,  Run  47B 350 
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SIGNIFICANT  EVENTS 


3.1    TABULAR  HISTORY  OF  RUN  47 

3.1.1  Objectives 

(1)  The  primary  objective  of  Run  47  was  to  observe  both  the  behavior  of 
a  reconstituted  acceptor  and  the  effects  the  acceptor  would  have  on 
the  CO  Acceptor  Process  under  normal  operating  conditions. 

(2)  Because  of  the  small  amount  of  reconstituted  acceptor  available 
for  Run  47B,  the  rejected  acceptor  would  be  rescreened  and  saved. 
Upon  completion  of  2  days  of  steady-state  operation,  it  was  planned 
to  continue  operation  while  substituting  the  rescreened  acceptor 
for  the  exhausted  supply  of  fresh  acceptor.  This  latter  test 
would  help  determine  the  usable  lift,  in  terms  of  activity,  of 

the  reconstituted  acceptor. 

(3)  The  methanation  unit  was  to  be  operated  utilizing  both  the  main 
Multi-Tube  Reactor  (MTR)  and  the  newly  added  Single-Tube  Reactor 
(STR) ,  thus  allowing  an  operational  comparison  of  2-inch  diameter 
tubes  with  1-inch  diameter  tubes. 

3.1.2  Accomplishments 

Both  Runs  47A  and  47B  clearly  demonstrated  that  reconstituted 
acceptor  could  be  circulated  at  a  sufficient  rate  to  fully  supply  the 
gasifier  heat  requirements.  The  gasifier  char  bed  density  was  under 
complete  control  throughout  each  run. 

Run  47A 

Twenty-four  hours  of  essentially  steady-state  operation 
were  obtained  with  reconstituted  acceptor  supplying  the  entire 
gasifier  heat  duty.  From  this  enough  data  were  collected  to  cal- 
culate overall  plant  heat  and  material  balance. 

Run  47B 

(1)  Process  operating  conditions  were  maintained  for  5  days. 
The  final  48  hours  were  at  steady-state  conditions. 

(2)  The  run  was  of  sufficient  duration  to  use  the  entire 
supply  of  Hazen  reconstituted  acceptor. 

(3)  Methanation 

(a)  The  methanation  unit  was  operated  for  a  total  of 
80  hours.   Four  balance  periods  were  obtained. 
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(b)  The  multi-tube  reactor  was  operated  for  the  first 
time  with  no  recycle. 

(c)  A  product  gas  containing  less  than  50  PPM  carbon 
monoxide  was  consistently  produced  in  the  no  re- 
cycle case. 

3.1.3  Termination  Causes 

Run  47A 

Run  47A  ended  when  a  small  5-  to  6-inch  diameter  boot 
deposit  tumbled  into  the  recarbonated  acceptor  standi eg  and  plugged 
the  line  above  the  flow  control  valve,  LCV-2003.  When  acceptor  cir- 
culation could  not  be  reestablished,  the  plant  was  forced  to  shut 
down. 

Run  47B 

Run  47B  was  also  terminated  when  a  boot  deposit  lodged  in 

the  recarbonated  acceptor  standleg.  The  deposit,  which  originated 

on  the  wall  of  the  gasifier  boot,  was  broken  off  during  a  pressure 
tap  rodding  attempt. 

3.1.4  Mechanical  Problems 
Run  47A 

(1)  A  leak  in  the  gasifier  external  cyclone  required  the  plant 
to  be  shut  down  for  repairs. 

(2)  The  acceptor  feed  line  was  plugged  with  reconstituted 
acceptor  fines.  The  line  was  unplugged  and  normal  opera- 
tion resumed. 

(3)  Condensed  steam  from  the  zinc  oxide  towers  became  en- 
trained in  the  CCL  charged  to  the  gasifier,  it  caused 
flow  surges  in  the  gasifier  boot.  The  ZnO  towers  were 
blocked  in  and  bypassed.  A  double  block  around  the 
towers  was  later  required  to  insure  normal  operation. 

(4)  High  winds  which  buffeted  the  plant  on  the  last  day  of 
the  run  caused  five  short  power  dips.  Plant  operation 
was  only  slightly  upset  by  these  dips. 

Run  47 B 

(1)     Startup  of  Run  47B  was  difficult  but  succeeded  on  the 
third  try. 
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(2) 


During  the  first  attempt,  char  transfer  from  the  gasi- 
fier  to  the  regenerator  could  not  be  stopped  once  it  was 
established.  The  system  was  brought  down  for  the  inspec- 
tion and  adjustment  of  the  char  transfer  control  valve, 
LCV-2002.  Realignment  of  the  valve  actuator  solved  the 
problem. 

The  second  startup  attempt  ended  when  the  acceptor  lift 
line  plugged.  The  line  was  cleaned  after  the  system  was 
shut  down  and  depressured. 

The  fresh  acceptor  feed  line  plugged  while  feeding  recon- 
stituted acceptor. 


3.1.5  Process  Problems 

The  only  process  problem  encountered  in  Run  47  was  the  chronic 
partial  restriction  of  the  high  side  pressure  tap  on  the  gasifier  boot 
dP-2083.  This  nuisance  was  present  in  both  47  runs.  Although  it  had  no 
effect  on  the  operation  of  the  plant  in  either  run,  it  served  as  the 
nucleus  for  the  formation  of  the  deposit  that  terminated  Run  47B. 
Possible  causes  of  the  deposit  are  discussed  in  Section  4.3. 


3.2 


CHRONOLOGY  OF  OPERATIONS 


3.2.1  Run  47A 


Hours 

Date 

Time 

Run 

8/25 

1500 

ii 

1720 

n 

2110 

ii 

2120 

8/26 

0200 

ii 

1900 

8/27 

0230 

ii 

1050 

ii 

2210 

/28 

0015 

ii 

0030 

ii 

0130 

Description 

Received  plant  from  maintenance. 
Filled  vessel  water  jackets,  closed  bleeds 
and  began  pressuring  up. 
Static  pressure  test  completed  with  leak 
rate  of  2,388  SCFH. 

Started  gas  circulation  and  lit  process 
heaters. 

Started  250  F  refractory  cure  hold. 
Completed  250°F  refractory  cure  hold.  Con- 
tinued heatup  to  600  F. 
Started  600°F  refractory  cure  hold. 
Finished  600°F  refractory  cure  hold.  Con- 
tinued heatup  to  1000  F.  Charged  lignite 
lockhopper,  F-204A,  and  acceptor  makeup 
hopper,  F-206,  with  new  dead-burned  dolomite 
Started  1000°F  refractory  cure  hold. 
Completed  1000°F  refractory  cure  hold. 
Ran  Case  I  of  heater  dP  tests. 
Ran  Case  II  of  heater  dP  tests. 
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Date 


8/28 


Time 
0345 

0410 
0610 


Hours 
Run 


II 

1045 

II 

1305 

II 

1415 

II 

1605 

II 

1907 

II 

2051 

II 

2300 

8/29 

0420 

ii 

0500 

ii 

0600 

0 

ii 

0620 

ii 

0705 

1.1 

9/1 

0920 

ti 

1600 

it 

1650 

ii 

2350 

9/2 

0430 

ii 

0510 

it 

0910 

0945 

1250 
1350 

1500 


Description 

Switched  calcined  acceptor  standleg,  CD-206, 
purges  to  N?  and  the  gasifier  dump  hopper 
flow  control  valve,  XCV-2073,  purges  to 

co2. 

Began  feeding  dead-burned  dolomite  to 
gasifier  from  F-204A. 

Transferred  acceptor  from  gasifier  through 
the  gasifier  boot  level  control  valve, 
LCV-2003,  to  the  regenerator.  Started 
feeding  dead-burned  dolomite  to  regenerator 
from  F-206. 

Ran  solids  circulation  tests. 
Ran  gas  flow  tests. 
Ran  boot  fluidization  tests. 
Put  ZnO  towers  on  line. 
Started  char  to  gasifier. 
Ran  Case  I  of  steam  superheater,  B-207, 
dP  tests. 

Added  20,000  SCFH  air  to  gasifier. 
Began  transferring  char  from  gasifier  to 
regenerator. 

Started  auxiliary  fuel  on  minimum  RPMs. 
Regenerator  at  1800°F. 
Added  steam  to  gasifier  boot. 
Discovered  bad  leak  in  gasifier  external 
cyclone.   Immediately  started  system  shut 
down. 

Received  plant  from  maintenance.  Pressured 
system  using  char  lift  gas  compressor,  J-309 
Measured  static  pressure  leak  rate  of 
3650  SCFH. 

Started  recycle  compressors  and  began  cir- 
culating gases.   Lit  process  heaters  and 
began  heating  up  at  100  F  per  hour. 
Admitted  steam  to  jacket  water  steam  drums. 
Ran  Case  I  heater  dP  tests. 
Ran  Case  II  heater  dP  tests. 
Put  C02  to  XCV-2073  purges  and  N  to  all 
purges  to  CD-206,  including  the  multi- 
purges  at  the  inlet  to  CD-206. 
Started  filling  the  gasifier  with  new 
dead-burned  dolomite  from  F-204A. 
Shut  down  J-309  for  maintenance. 
Transferred  dead-burned  dolomite  from  gasi- 
fier to  regenerator  through  LCV-2003. 
Began  filling  regenerator  with  dead-burned 
dolomite  from  F-206. 
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Date 


9/2 


it 
9/5 


Time 


1650 


Hours 
Run 


M 

1830 

II 

1930 

II 

2025 

II 

2245 

II 

2350 

9/3 

0005 

ii 

0130 

ii 

0136 

it 

0245 

ii 

0350 

ii 

0610 

ii 

0715 

0940 


II 

1030 

It 

1055 

II 

1235 

II 

1815 

II 

2150 

/4 

0030 

ii 

1430 

ii 

1500 

ii 

1530 

•i 

1655 

12 


27 


1800 
0650 


Description 

Started  lowering  gasifier  boot  flow  heater, 

B-201A,  temperature  for  char  addition. 

Began  dolomite  circulation  between  vessels. 

Gasifier  overhead  at  1.4  percent  0_.  Opened 

ZnO  towers  to  system. 

Began  acceptor  circulation  tests. 

Finished  acceptor  circulation  tests.  Started 

gas  flow  tests. 

Finished  gas  flow  tests. 

Admitted  steam  to  gasifier  side. 

Ran  Case  I  B-207  heater  dP  tests. 

Started  feeding  char  to  gasifier  from  F-204A. 

ZnO  towers  completely  in  service. 

Added  20,000  SCFH  air  to  gasifier  side 

flow. 

Admitted  steam  to  gasifier  boot. 

Condition  allowed  shutdown  of  the  gasifier 

recycle  gas  compressor,  J-201A. 

Attempted  char  transfer  from  gasifier  to 

regenerator;  however,  high  purge  on  S-13 

(sample  point  above  LCV-2002)  blew  seal 

across  the  fuel  char  flow  control  valve, 

LCV-2002. 

Successfully  established  char  transfer. 

Started  auxiliary  fuel  to  regenerator  at 

minimum  rate. 

Regenerator  at  1800°F. 

Started  feeding  lignite  from  preheater  to 

gasifier. 

Charged  F-206  with  6X8  mesh  limestone.  Put 

C0?  to  gasifier  boot. 

Started  air  removal  from  gasifier  side 

flow.  Continued  air,  steam,  and  recycle 

flow  changes  in  gasifier  side  and  boot 

flows  as  per  write-up. 

Lost  char  transfer  to  regenerator. 

Reestablished  char  transfer  from  gasifier 

to  regenerator. 

All  air  out  of  gasifier  side  flow. 

Fuel  char  transfer  was  lost  when  the  low 

side  pressure  tap  of  the  regenerator-gasifier 

differential  pressure  controller,  dPCV-2030, 

plugged. 

Char  transfer  reestablished. 

Experienced  several  surges  in  boot  flow 

for  no  apparent  reason. 
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Hours 

Date 

Time 

Run 

9/5 

0850 

44.: 

it 

0900 

9/6 

0700 

ii 

0910 

68. < 

ii 

1400 

ii 

1450 

74.: 

Description 

All  recycle  out  of  gasifier  boot. 
Charged  F-206  with  reconstituted  acceptor. 
Continued  feeding  reconstituted  acceptor. 
Normal  plant  operation. 

Discovered  feeder  not  feeding  fresh  accep- 
tor from  F-206  to  regenerator. 
Found  plug  in  acceptor  feed  line  below 
L-207  feeder. 

Unplugged  acceptor  feed  line  and  resumed 
feeding. 

Experienced  severe  surges  in  gasifier  boot 
flow.  Apparently,  condensed  steam  in 
ZnO  towers  was  being  pushed  into  the  gasifier 
boot  flow  heaters  by  the  CC"  purge  flow  to 
the  gasifier  boot.   Bypassed  and  blocked 
in  ZnO  towers. 
1940      79.1      Experienced  another  boot  upset  due  to 

water  in  ZnO  towers.   Inert  purge  gas  to 
towers  forced  more  water  to  B-201A  heaters 
through  leaking  block  valves.  Double 
blocked  ZnO  towers. 

"      2020  System  back  to  normal . 

9/7     0830  Experienced  minor  system  upset  while 

changing  out  the  regenerator  quench  tower 
level  control  valve,  LCV-3002. 
1200      95.6      High  side  tap  on  boot  dPT-2083  became  re- 
stricted causing  an  erroneously  high 
reading.   Blew  taps  with  nitrogen  K  bottle. 

"      1910  System  steady,  had  to  blow  dP-2083  again. 

"      2115  Increased  boot  steam  2000  SCFH  and  removed 

2000  SCFH  steam  from  gasifier  side. 
9/8     0545  dP-2083  blown  free  again. 

1331     120.9      Five  power  dips  caused  by  high  winds 

shut  down  most  compressors,  pumps,  etc. 
However,  system  recovered  in  acceptable 
condition  after  five  power  dips.  System 
again  near  normal . 
1600     123.4      Gasifier  boot  upset  caused  acceptor  trans- 
fer through  the  lift  line  to  fall  off. 
Blew  interface,  however,  could  not  reesta- 
blish acceptor  transfer  through  the  recar- 
bonated  acceptor  standleg,  CD-204. 
1930  Began  system  shutdown  procedures. 
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3.2.2  Run  47B 


Hours 

Date 

Time 

Run 

9/20 

1335 

n 

1505 

u 

1900 

ii 

2230 

9/21 

0300 

ti 

0915 

ii 

1015 

ii 

1315 

it 

1405 

ii 

1503 

ii 

1800 

2100 


2150 


II 

2225 

9/22 

0040 

ii 

0122 

0435 


II 

0540 

II 

0830 

II 

0940 

11 

1810 

II 

1815 

II 

1853 

II 

2120 

II 

2310 

II 

2325 

9/23 

0020 

ii 

0034 

0410 


Description 

Received  plant  from  maintenance. 
Began  pressuring  up. 
Static  leak  rate  of  3800  SCFH. 
Started  gas  circulation  and  lit  process 
heaters. 

Continued  100  F  per  hour  heatup. 
Steam  to  gasifier  and  regenerator  steam 
drums. 

Stroked  all  solids  valves. 
Ran  Case  I  of  heater  dP  tests. 
Ran  Case  II  of  heater  dP  tests. 
Turned  on  valve  kickers. 
Stroked  all  solids  valves  and  checked 
kickers. 

Coverted  the  recarbonated  acceptor  standi eg, 
CD-206,  purges  to  N2  and  the  purges  to  the 
gasifier  dump  hopper  flow  control  valve, 
XCV-2073,  to  CO  . 

Charged  the  lignite  lockhopper,  F-204A,  with 
new  dead-burned  dolomite  (DBD) . 
Began  feeding  DBD  to  gasifier  from  F-204A. 
Transferred  DBD  from  gasifier  to  regenerator 
Began  filling  regenerator  with  DBD  from  the 
acceptor  makeup  hopper,  F-206. 
Established  solids  circulation  between 
vessels. 

Ran  boot  fluidization  tests. 
ZnO  tower  on  line. 
Began  solids  circulation  tests. 
Finished  solids  circulation  tests. 
Steam  to  gasifier  side  flow. 
Started  char  feed  to  gasifier. 
Added  20,000  SCFH  air  to  gasifier  side  flow. 
Admitted  steam  to  gasifier  boot. 
Began  char  transfer  from  gasifier  to  regen- 
erator, lost  char  transfer  due  to  low  level 
in  gasifier. 

Reestablished  char  transfer. 
Started  auxiliary  fuel  to  regenerator.  Ex- 
perienced high  CO  level  in  regenerator  and 
high  char  transfer  rate  with  the  fuel  char 
flow  control  valve,  LCV-2002,  and  wafer 
valve  closed. 

Adjusted  actuator  on  LCV-2002  in  an  attempt 
to  control  char  transfer. 
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Hours 

Date 

Time 

Run 

9/23 

0510 

tf 

**** 

9/24 


1625 


0335 


II 

0345 

It 

0510 

II 

0515 

II 

0615 

II 

0715 

II 

0900 

II 

1000 

II 

1035 

II 

1140 

1415 


**** 


2210 


II 

2325 

II 

2335 

9/25 

0600 

0800 


II 

1240 

II 

1415 

It 

1420 

II 

1745 

II 

1825 

II 

1920 

II 

1935 

Description 

No  success  in  attempts  to  control  char 

transfer.  Shut  down  to  investigate. 

Opened  key  lines  and  removed  solids  valves 

for  inspection  but  found  no  significant 

faults.   Adjusted  LCV-2002  to  obtain  a 

better  solids  seal. 

Finished  plant  inspection.   Began  system 

pressurization.   Began  gas  circulation  and 

lit  process  heaters.  Ran  heater  dP  tests. 

N2  to  CD-206  purges  and  CO  to  XCV-2073 

purges. 

Started  DBD  to  gasifier  from  F-204A. 

Transferred  acceptor  from  gasifier  to 

regenerator. 

Began  filling  regenerator  from  F-206. 

Removed  air  from  lift  line  and  shut  down 

the  main  air  compressor,  J-202,  for  maintenance 

J-202  back  on  line. 

Shut  down  J-202  again  for  maintenance. 

J-202  back  on  line. 

Began  acceptor  circulation  between  vessels. 

The  gasifier  boot  level  control  valve, 

LCV-2003,  acting  sluggish.  Overloaded  and 

plugged  acceptor  lift  line. 

Unsuccessful  in  all  attempts  to  unplug 

lift  line.   Began  plant  shutdown  to  unplug. 

Shut  down  long  enough  to  unplug  lift  line 

and  dump  regenerator. 

Lift  line  unplugged  and  plant  back  together. 

Began  pressuring  back  up  with  the  fuel  char 

lift  gas  compressor,  J-309. 
Started  compressors. 
Lit  process  heaters. 

Started  DBD  feed  to  gasifier.  N  to  CD-206 
purges  and  CO  to  XCV-2073  purges. 
Stopped  DBD  addition  to  allow  reactor  tem- 
peratures to  line  out. 
Resumed  DBD  addition  to  gasifier. 
Transferred  DBD  from  gasifier  to  regenerator. 
Started  filling  regenerator  from  F-206. 
Started  acceptor  circulation  between  vessels. 
Ran  acceptor  circulation  tests. 
Finished  circulation  tests. 
Bad  thermocouple  caused  shut  down  of  the 
acceptor  lift  gas  heater,  B-205.  Repaired 
and  relit  B-205. 
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Hours 

Date 

Time 

Run 

9/25 

2020 

fi 

2030 

»i 

2046 

it 

2350 

9/26 

0215 

it 

0455 

ii 

0525 

it 

0720 

0 

ii 

0900 

ii 

1145 

ii 

1216 

ii 

1332 

6.: 

ii 

1530 

ii 

1920 

12 

9/27 

0205 

ii 

0550 

22.! 

ii 

0605 

ii 

1018 

27 

ii 

1115 

ii 

2024 

ii 

2110 

ii 

2140 

9/28 

0150 

0255 


0720 
1045 


48 


Description 

Steam  to  gasifier  side  flow. 
ZnO  tower  on  line. 

Started  char  feed  to  gasifier.  Ran  Case  I 
of  steam  superheater,  B-207,  dP  tests. 
Admitted  air  to  gasifier  side  flow. 
Admitted  steam  to  gasifier  boot  flow. 
Started  char  transfer  from  gasifier  to 
regenerator. 

Began  auxiliary  fuel  to  regenerator. 
1800  F  in  regenerator. 

Charged  F-206  with  6X8  mesh  limestone. 
Shut  down  regenerator  recycle  compressors, 
J-207  A  and  B. 

Charged  F-204A  from  preheater. 
Lignite  started  to  system. 
Removed  "B"  gas  purges  below  the  calcined 
acceptor  flow  control  valve,  TCV-2030. 
Started  air  removal  from  gasifier. 
All  air  removed  from  gasifier. 
One  hundred  percent  steam  to  gasifier  boot. 
F-207A  lignite  feeder  stopped.  Stopped 
flow  to  methanator  momentarily  until 
feeder  restarted  and  system  stabilized. 
Charged  F-206  with  reconstituted  acceptor. 
L-204  acceptor  feeder  at  1.5  RPMs. 
S-10  recarbonated  acceptor  sample  station 
plugged.   Blew  S-10  with  inert  gas  which 
upset  system  enough  to  lose  char  transfer. 
Char  transfer  back. 
Char  transfer  back  and  steady. 
Low  side  pressure  tap  of  reactor  differen- 
tial pressure  controller,  dPCV-2030,  plugged, 
The  instrument  was  connected  to  an  alternate 
tap.  However,  the  resulting  upset  stopped 
char  transfer  momentarily. 
Lost  char  transfer  again.  Had  to  blow 
back  up  the  fuel  char  standleg,  CO-202, 
to  get  flow  started  again.  Added  boot 
flow  from  time  to  time  to  hold  boot  den- 
sity at  33  LB/CU  FT. 

Lost  char  transfer  for  no  apparent  reason. 
Regained  transfer  with  no  problems. 
Char  transfer  dropped  off,  but  did  not 
stop.   Blew  through  S-13  (sample  station 
above  LCV-2002)  with  inert  gas  to  clear 
line.  This  was  successful. 
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Date 
9/28 


it 
9/29 


9/30 


10/1 


Time 

1135 
1330 


1600 
1954 

2025 
0200 


0440 
1315 
1535 

1800 

1855 
2245 


0820 


1040 
1900 

0700 


Hours 
Run 


54.2 


83.5 


97 


119.7 


0925 


Description 

Char  transfer  stable. 

Fuel  char  lift  line  differential  pressure, 
dPT-2028,  reading  high.  Had  instrument 
technician  change  range  on  transmitter  to 
get  pen  back  on  chart. 
Rodded  gasifier  quench  venturi. 
Lost  char  transfer.  Blew  back  up  CO-202 
twice  with  inert  gas. 
Char  transfer  back. 

Found  that  acceptor  makeup  had  been  stopped 
by  a  plug  in  the  feed  line  which  leads  to 
the  engager  pot,  F-222. 

Unplugged  line  and  started  acceptor  makeup. 
Rodded  gasifier  quench  venturi. 
Cut  N?  multi-purge  on  CD-206  to  one  root 
of  flow  (650  SCFH) . 

Acceptor  feed  line  plugged  while  filling 
F-206.  Easily  unplugged  line. 
Increased  boot  flow  to  hold  density. 
Plugged  tap  on  high  side  of  gasifier  boot 
differential  transmitter  caused  high  reading 
Cleared  tap  by  blowing  with  nitrogen. 
Instrument  technician  cleared  taps  on 
acceptor  lift  line  differential  pressure 
transmitter,  dPT-2022. 
Changed  thermowells  in  regenerator. 
Had  to  blow  high  side  tap  of  dPT-2083  with 
N  several  times  to  clear  tap. 
dPT-2083  plugged  and  could  not  be  cleared 
by  blowing.  When  instrument  technician 
rodded  tap,  acceptor  level  in  boot  immedi- 
ately rose  into  the  transition  section. 
Acceptor  transfer  through  CD-204  ceased 
and  could  not  be  regained. 
Started  plant  shutdown. 
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RESULTS,  OBSERVATIONS  AND  DISCUSSION 


4 . 1    BACKGROUND 


The  ability  of  limestone  or  dolomite  acceptor  to  repeatedly 
remove  carbon  dioxide  in  an  exothermic  reaction  from  the  system  without 
severe  particle  attrition  is  essential  to  the  CO  Acceptor  Process.  The 
progressive  decline  of  acceptor  activity1  or  the  ability  to  absorb 
carbon  dioxide  with  acceptor  cycling  between  gasifier  and  regenerator 
would  eventually  result  in  complete  acceptor  deactivation.  This  activity 
loss  is  attributed  to  the  growth  of  the  CaO  crystal  size  with  a  con- 
sequent loss  of  surface  area.  To  maintain  an  equilibrium  activity, 
fresh  acceptor  makeup  is  added  to  the  circulating  inventory.  The  makeup 
rate  is  dictated  by  the  acceptor  activity,  not  by  particle  attrition 
loss.   Particle  attrition  loss  is  quite  small  for  physically  strong 
natural  stones  such  as  Minnekahta  limestone.  However,  natural  stones 
that  exhibit  suitable  physical  and  chemical  properties  for  use  as  ac- 
ceptor makeup  are  widely  distributed  geographically.  As  a  result, 
transport  cost  to  a  suitable  commercial  plant  site  may  be  high.  Recent 
estimates  for  the  delivered  cost  of  raw  stone  to  a  lignite  gasification 
plant  have  been  in  the  range  of  $17  to  $23  per  ton2. 

There  is  also  the  problem  of  disposing  fines  generated  from 
crushing  and  sizing  the  stone  to  obtain  a  suitable  acceptor  size.  New 
quarries  opened  in  the  west  would  need  a  ready  market  for  the  off-size 
product.  Therefore,  the  development  of  a  process  to  produce  a  synthetic 
acceptor  could  improve  the  economics  of  the  C02  Acceptor  Process. 

Since  spent  acceptor  and  regenerator  overhead  fines  from  the  CO2 
Acceptor  Process  would  be  the  most  accessible  and  least  expensive  source 
of  calcium  available,  it  was  decided  to  explore  a  process  that  would 
reactivate  and  reconstitute  (pelletize)  the  spent  acceptor. 

The  development  of  a  reconstitution  process  in  which  spent  ac- 
ceptor is  reactivated  has  three  advantages.  First,  the  CO  Acceptor 
Process  would  be  geographically  independent  of  carbonate  rock  deposits 
and  the  associated  high  delivery  costs.   Second,  a  tailored  acceptor  of 
predetermined  size,  hardness  and  reactivity  would  enhance  overall  opera- 
bility  and  control  of  the  CO  Acceptor  Process.  Third,  reconstitution 
of  spent  acceptor  would  minimize  the  problem  of  solids  waste  disposal. 


Defined  as  the  mole  ratio  of  active  calcium  oxide  to  calcium  in  the 

circulating  acceptor. 

2 
Conceptual  Design  and  Cost  Estimate  CO?  Acceptor  Coal  Gasification 

Process  Commercial  Plant,  August  1977,  prepared  for  the  United  States 

Energy  Research  and  Development  Administration  by  Steams-Roger 

Engineering  Company,  Contract  No.  FE-1734-10. 
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Two  process  schemes  previously  proposed3  were:   (1)  the  Hot  Melt 
Pelletizing  Process,  and  (2)  the  Cold  Pelletizing  with  Hot  Hardening 
Process.   In  light  of  the  relatively  high  pressures  required  for  these 
processes  and  the  short  time  span  available  (a  reconstituted  product 
of  sufficient  quantity  had  to  be  produced  and  ready  for  the  start  of 
Run  47),  a  process  other  than  the  melt  method  was  strongly  desired. 

It  was  then  discovered  that  the  Dorr-Oliver  Fluo-Solids  Lime 
and  Mud  Reburning  Process  could  produce  a  product  of  acceptable  activity 
and  hardness.  Simply  stated,  in  this  process  the  spent  regenerator  is: 

(1)  Slaked  (in  water) --to  break  down  the  large  CaO  particles  to  5 
micron  sized  particles  of  Ca(OH)  . 

(2)  Separated- -larger  particles  rich  in  SiO  are  removed  from  the 
calcium  hydroxide  slurry. 

(3)  Dried--in  a  rotary  kiln. 

(4)  Calcined  and  pelletized--in  the  fluid  bed  reactor  at  1650°F  and 
1  atmosphere. 

(5)  Cooled  and  sized--the  equilibrium  fluid  bed  material  is  withdrawn, 
cooled  and  screened.  The  oversize  and  undersize  material  is 
recycled. 

The  decision  was  made  to  produce  40  tons  of  reconstituted  acceptor 
for  a  C02  acceptor  pilot  plant  trial  run.  Since  no  Dorr -Oliver  lime 
reburning  unit  of  proper  size  was  available  for  use,  a  24-inch  fluid 
bed  reactor  owned  by  Hazen  Research,  Inc.  in  Golden,  Colorado,  was 
chosen  for  the  manufacturing  phase.  Hazen  was  selected  because  its 
personnel  had  some  lime  reburning  experience,  the  reactor  was  large 
enough,  and  Golden  is  relatively  close  to  Rapid  City.  Hazen  Research 
did  not  possess  equipment  to  dry  the  slaked  lime  at  the  required  capacity. 
Consequently,  the  slaking,  separating  and  drying  responsibility  was  con- 
tracted to  the  Colorado  School  of  Mines  Research  Institute  (CSMRI)  at 
its  Table  Mountain  Research  Center  in  Golden.  The  contract  was  let  by 
Stearns-Roger,  Inc. 

4.2    RECONSTITUTED  ACCEPTOR  PRODUCTION  FOR  RUN  47 

Starting  material  for  the  reconstituted  acceptor  was  a  mixture  of 
the  regenerator  spent  acceptor  dumps  collected  from  Runs  39,  40B;  42  and 
43.  Velva  and  Glenharold  lignite  fines  were  used  as  fuel  for  the  cal- 
cination and  pelletizing  step. 


3 
C02  Acceptor  Reactivation  and  Reconstitution  Commercial  Economics 
Conoco  Coal  Development  Company  Internal  Report,  January  16,  1975 
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A  process  flow  diagram  of  the  Hazen  unit  can  be  found  in  Figure 
47-1.   Fine  calcium  hydroxide  particles  are  fed  to  the  reactor  where 
they  calcine  immediately  at  the  1650°F  temperature.  The  inerts  (sodium, 
etc.)  in  the  feed  form  a  sticky  substance  (melt  or  flux)  at  this  tem- 
perature and  cause  fine  particles  to  adhere  to  the  seed  pellets  in  the 
bed.   It  is  these  seed  pellets  that  eventually  grow  to  product  size. 
The  space  above  the  fluid  bed  called  the  freeboard  is  expanded  in  di- 
ameter to  decrease  the  upward  velocity  of  the  uprising  gases  and  to 
allow  fine  solids  to  fall  back  into  the  bed.  The  fluidizing  velocity  is 
great  enough  (three  to  eight  times  minimum  fluidization  velocity)  to 
ensure  a  homogeneous  mixture  of  bed  material  below  the  freeboard.  This 
helps  to  eliminate  hot  spots  that  might  occur  with  a  stratified  bed. 

Bed  material  is  withdrawn  through  an  outlet  in  the  center  of  the 
air  distributor  at  the  bottom  of  the  vessel.  This  material  is  conveyed 
by  a  water  cooled  screw  conveyor  to  a  size  4  Tyler  mesh  screen  where  the 
oversize  is  withdrawn.  Minus  4  mesh  material  is  further  conveyed  by  another 
screw  conveyor  to  a  size  10  Tyler  mesh  screen.  At  this  point,  the 
4  X  10  mesh  product  is  collected  and  stored.  The  minus  10  mesh  mate- 
rial, spheres  that  have  not  yet  grown  to  the  desired  size  range,  is 
returned  to  the  calciner  as  new  seed  material.  The  oversize  (+4  mesh) 
material  is  sent  through  an  attriter  where  it  is  pulverized  to  a  fine 
dust.  This  attrited  oversize  is  added  to  the  fresh  hydroxide  which  is 
fed  to  the  unit. 

Calcium  oxide  fines  in  the  calciner  exhaust  gas  are  collected  by 
an  external  cyclone.  These  fines  are  recycled  to  the  unit  as  feed  mate- 
rial with  the  attrited  oversize.  A  venturi  scrubber  removes  the  very 
fine  particles  from  the  cyclone  off-gas  and  slurries  them  to  a  recir- 
culating thickener  tank.   It  was  originally  planned  to  dry  the  thickener 
material  and  refeed  it  to  the  system,  but  this  was  never  attempted.  The 
presence  of  many  operational  problems  (i.e.,  uncertainty  of  proper  seed 
to  feed  ratios,  product  attrition,  and  the  occasional  lack  of  structural 
strength  in  the  product  spheres),  as  well  as  occasional  hydration  of  the 
stored  product,  caused  by  accidental  exposure  to  humidity,  precluded  all 
chances  of  producing  the  desired  40  tons  in  the  given  time  frame. 

Approximately  26  tons  of  acceptable  4  X  10  mesh  reconstituted 
acceptor  was  eventually  produced.  Although  it  was  a  sufficient  supply 
for  a  trial  run,  little,  if  any,  would  be  available  for  a  second  demon- 
stration attempt  if  the  first  should  fail.  To  maximize  the  chance  of 
achieving  a  successful  run  and  to  conserve  the  supply  of  reconstituted 
acceptor,  the  decision  was  made  to  bring  the  plant  to  design  conditions 
in  a  routine  manner,  by  using  limestone  acceptor  and  Velva  lignite  as 
feedstock.  Reconstituted  acceptor  makeup  would  be  initiated  once  process 
conditions  were  met.  At  this  time  the  risk  of  a  plant  upset  was  minimized. 
With  the  use  of  this  startup  procedure,  the  effects  of  the  new  acceptor  on 
design  parameters  could  easily  be  studied. 
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Run  47A 

Run  47B 

123 

120 

117 

113 

141 

133 

35 

25 

68 

78 

96 

101 

97 

4.3    ACCOMPLISHMENTS 

4.3.1  Major  Operational  Achievements 

The  plant  operations  for  Runs  47A  and  B  are  summarized  below  in 
hours  of  operation. 


Main  Plant 

Process  Conditions 
Velva  Lignite  Feed 
Acceptor  Circulation 
Fresh  Limestone  Feed 
Reconstituted  Acceptor  Feed 
Without  Air  to  Gasifier 
100%  Steam  to  Gasifier  Boot 

Methanation 

Unit  on  line  80 

Once  Through  Methanation 

No  Recycle  Added  to  Reactor  Feed  59 

Single-Tube  Reactor  Operation  15 

Enough  data  was  collected  during  the  last  43  hours  of  steady-state 
operation  in  Run  47B  for  the  calculation  of  heat  and  material  balances 
which  will  be  published  in  the  final  report. 

4.3.2  Plant  Data 

Tables  47-1  through  47-20  summarize  the  gasification  section  data 
for  Run  47.  Tables  47-1  through  47-4  list  the  operating  conditions 
throughout  each  run.  Feedstock  composite  analyses  are  presented  in 
Table  47-5.  Effluent  and  circulated  process  stream  solids  analyses  are 
presented  in  Tables  47-6  through  47-17.  Tables  47-18  and  47-19  list  the 
plant  pressure  balance  data  for  each  run;  while  the  locations  and  eleva- 
tions for  the  pressure  points  are  shown  in  Figure  47-2.  The  pressure 
balance  results  were  calculated  by  correcting  the  raw  data  as  described 
in  the  Run  17  report  and  then  forcing  the  summation  of  the  pressure 
drops  to  converge  as  described  in  the  Run  28  report. 

Table  47-20  contains  the  average  preheat  temperatures  present 
during  the  balance  period  in  Run  47B.  The  balance  period  extends  from 
1200  on  September  29  through  0700  on  October  1.  Table  47-21  contains 
the  analyses  of  the  gasifier  deposits  sampled  at  the  end  of  each  run.  A 
discussion  of  these  deposits,  as  well  as  clues  to  their  possible  causes 
and  a  means  of  future  elimination,  can  be  found  in  the  Problems  Subdivi- 
sion of  Section  3. 

Tables  47-22  and  47-23  present  the  methanation  unit  process  data, 
while  Tables  47-24  and  47-25  contain  the  temperature  profile  data  ob- 
tained for  the  methanation  unit  reactors. 
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4.3.3  Activity 

The  acceptor  activity,  defined  as  the  moles  of  active  calcium 
oxide  per  mole  of  calcium  in  the  acceptor,  serves  as  a  measure  of  the 
material's  ability  to  react  with  CO  .  Activity  throughout  Run  47B  is 
plotted  as  a  function  of  time  in  Figure  47-3.  Both  Run  47  runs  lasted 
long  enough  to  completely  change-out  the  dead-burned  dolomite  inventory. 
The  activity  for  the  runs  was  in  the  range  of  .06  to  .08.   This  is  lower 
than  that  of  limestone  acceptor  (.10  to  .13),  and  in  fact,  the  lowest 
ever  experienced  at  steady- state  conditions.  There  is  no  reason,  how- 
ever, to  suspect  these  values.   Fresh  reconstituted  acceptor  initially 
has  a  lower  activity  level  than  fresh  limestone  (approximately  0.4  as 
compared  to  0.67  for  fresh  limestone  after  one  cycle).  A  reconstituted 
acceptor  makeup  rate  of  315  pounds  per  hour  would  be  a  calcium  oxide 
equivalent  of  1.8  RPM's  or  497  pounds-per-hour  for  limestone,  yet  the 
makeup  rate  in  Run  47B  was"only»268  pounds -per -hour  (due  to  an  unex- 
plained loss  in  the  acceptor  feeder  makeup  capacity).  The  low  activity 
is  understandable  "due  to. low  makeup  rates  and  the  much  higher  than 
normal  circulation  rates,  that  were  maintained  in  Run  47.  Both  factors 
tended  to  reduce  the  acceptor  activity  by  increasing  the  number  of 
calcination-recarbonation  cycles  experienced  by  the  acceptor.   It  should 
also  be  noted  that  the  gasifier  temperature  was  maintained  at  a  higher 
level  than  in  previous  runs  when  Velva  lignite  was  used  as  the  feed- 
stock. Circulation  at  a  high  enough  rate  to  provide  all  of  the  gasifier 
heat  duty  was  easily  attained,  and  there  was  never  any  problem  in  con- 
trolling gasifier  bed  density  throughout  either  run. 

4.3.4  Observations  and  Comparisons 

To  evaluate  the  performance  and  advantages  of  reconstituted 
acceptor,  it  is  useful  to  compare  Run  47  with  Run  33B,  the  technical 
feasibility  run.   In  comparing  runs  with  different  acceptor  feedstocks, 
one  should  examine,  acceptor  activity,  usable  acceptor  life,  durability 
and  circulation  and  showering  characteristics  along  with  process  sta- 
bility and  conditions.  Run  33B,  the  most  successful  run  in  the  Rapid 
City  Pilot  Plant's  history,  yielded  7  days  of  continuous  operation  at 
steady-state  conditions.  The  steam  and  coal  feed  rates  to  the  gasifier 
were  the  same  in  Run  47  as  they  were  in  Run  33B.  '  Yet,  the  circulating 
reconstituted  acceptor  in  Run  47  was  able  to  maintain  a  gasifier  tem- 
perature 30  F  higher  than  that  in  Run  33B.  Of  course,  a  higher  tempera- 
ture requires  higher  circulation  rates  and  acceptor  circulation  was  very 
high  in  Run  47.   In  the  past,  higher  circulation  rates  led  to  dangerously 
high  gasifier  bed  densities  resulting  in  circulation  rate  reductions  and 
loss  of  steady-state  conditions.   In  Run  47,  however,  this  was  not  the 
case.  As  can  be  seen  by  the  first  plot  on  Figure  47-4,  the  gasifier 
char  bed  density  remained  remarkably  stable  throughout  Run  47B;  it 
barely  changed  at  all  during  the  balance  period.  The  second  plot  on 
Figure  47-4  shows  the  small  variations  (2  feet  maximum)  in  gasifier  bed 
height.   In  33B  one  can  recall  bed  height  variations  of  more  than  6 
feet.   Intermediate  fines  accumulation  (percent  junk)  was  never  the 
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problem  it  has  been  in  so  many  other  runs.   If  anything,  the  stability 
of  the  gasifier  was  enhanced  by  the  circulating  reconstituted  acceptor 
in  Run  47.  Perhaps  the  spherical  shape  of  the  acceptor  enabled  it  to 
shower  more  uniformly  through  the  bed.  This  superior  geometry  is  not 
possible  with  a  natural  acceptor  that  has  been  crushed  and  screened  to 
the  equivalent  "diameter." 

In  addition  to  the  superior  showering  characteristics  and  con- 
stant bed  density  observed  with  reconstituted  acceptor,  samples  indicated 
that  the  acceptor  spheres  became  harder  and  more  durable  as  they  cycled 
through  the  system.  The  samples  contained  very  few  broken  or  deformed 
spheres.  Early  fears  that  reconstituted  acceptor  might  break  up  and  turn 
to  dust  proved  to  be  unfounded.  - 

4.3.5  Methanation  Unit  Operation 

Since  Run  47  was  the  last  scheduled  pilot  plant  run,  an  ambitious 
program  was  proposed  for  the  methanator  operation.  The  objective  was  to 
study  the  effects  of  changing  process  variables  while  obtaining  compara- 
tive heat  and  material  balances  for  as  many  different  modes  of  opera- 
tion as  possible.  Time  permitted  operation  of  the  methanator  under  four 
different  sets  of  operating  conditions,  allowing  the  study  of  three 
process  variables  to  be  made.  These  variables  were:   the  mass  flow  rate 
of  Dowtherm  coolant  circulated  through  the  methanator  reactor,  the  mass 
flow  rate  of  synthesis  gas  fed  to  the  reactor,  and  the  reactor  tube 
diameter. 

To  compare  the  effects  of  the  first  two  variables,  Dowtherm  cir- 

:ulation  rate  and  synthesis  gas  feed  rate,  the  MTR  (multi-tube  reactor, 

DC-402)  was  operated  for  three  cases,  each  involving  one  distinct  set 

of  operating  conditions.   Since  no  recycle  gas  was  required  to  control 

reaction  temperature  in  any  of  these  three  cases,  the  MTR  was  operated 
as  a  once  through  reactor. 

In  Cases  1  and  2,  only  the  Dowtherm  circulation  rate  was  changed, 
thus  allowing  a  comparison  of  reactor  heat  removal  ability  at  two  dif- 
ferent coolant  flow  rates.  The  coolant  rate  for  Case  1  (1200  Hours 
9/28/77  to  0200  Hours  9/29/77)  was  four  times  the  rate  for  Case  2  (0400 
Hours  to  1600  Hours  9/29/77) . 

Operation  of  the  methanator  at  the  conditions  prescribed  for 
Case  3  (1800  Hours  9/29/77  to  1400  Hours  9/30/77)  enabled  a  comparison 
of  reactor  heat  loads  at  two  different  reactor  feed  gas  mass  flow  rates. 
For  this  case,  the  average  feed  rate  was  25  percent  greater  than  the 
average  feed  rates  for  Cases  1  and  2,  and  the  coolant  circulation  rate 
was  the  same  as  that  for  Case  2. 
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Case  4  (1800  Hours  9/30/77  to  0700  Hours  10/1/77)  was  conducted 
in  order  to  compare  heat  transfer  characteristics  of  1-inch  diameter 
tube  to  those  of  2- inch  diameter  tubes.  To  make  this  comparison,  a 
STR  (single  tube  reactor,  DC-404)  containing  one  2-inch  diameter  tube  had 
been  installed  prior  to  Run  46. 

Throughout  Case  4  the  methanation  unit  was  operated  as  shown  in 
Figure  47-5.  Recycle  gas  dilution  of  the  synthesis  feed  gas  was  re- 
quired to  keep  the  peak  temperature  in  the  STR  within  operating  limits 
(850  to  950  F). 

Normally,  recycle  gas  is  combined  with  the  synthesis  gas  leaving 
the  ZnO  sulfur  guard  tower  (D-305)  as  shown  by  the  broken  line  on 
Figure  47-5.  The  diluted  synthesis  gas  is  then  heated  to  550°F  (tem- 
peratures less  than  350  F  may  encourage  formation  of  volatile  nickel 
carbonyls  in  the  methanation  reactors)  by  the  synthesis  gas  preheater 
(C-402)  before  being  fed  to  the  methanation  reactors.  However,  exces- 
sive leaks  in  the  Dowtherm  vaporizer  (not  shown  in  Figure  47-5)  during 
Run  47  made  operation  of  the  preheater  impossible.   Instead,  recycle 
gas  was  mixed  with  the  synthesis  gas  leaving  the  carbonate  tower  (E-303) 
upstream  of  the  HDS  furnace  (B-301).   By  increasing  the  duty  on  B-301, 
enough  heat  was  supplied  to  maintain  at  least  500°F  at  the  inlet  to  the 
MTR  and  about  400  F  at  the  STR  inlet. 


The  leaks  in  the  Dowtherm  vaporizer  also  precluded  the  use  of  the 
adiabatic  reactor  which  had  to  be  bypassed.   (These  vessels  are  not  shown 
in  Figure  47-5.)  The  adiabatic  reactor  normally  serves  as  a  polishing 
unit  to  insure  near  complete  conversion  of  CO  to  CH. .  Special  gas 
analyses  to  accurately  determine  the  concentration  of  CO  in  the  MTR  and 
STR  effluents  in  Run  47B  demonstrated  that  the  polishing  reactor  was 
not  necessary.   For  Cases  1  through  3  CO  concentrations  from  the  MTR 
varied  between  40  and  55  PPM.   For  Case  4  the  MTR  CO  concentration  was 
250  to  260  PPM,  while  that  for  the  STR  was  275  PPM.  All  concentrations 
were  well  below  the  1000  PPM  specification  for  SNG  from  coal. 

Measurement  of  the  low  CO  concentrations  was  accomplished  using 
the  Drager  gas  detector  tubes  CO  10/b  and  CO  5/c.  For  past  runs  the  CO 
concentration  in  the  methanation  reactor  effluents  were  normally  reported 
as  zero,  since  the  laboratory  gas  chromatographs  used  for  analyses  were 
not  sensitive  to  the  very  low  CO  values. 

The  temperature  profiles  measured  for  both  reactors  throughout 
Run  47B  are  listed  in  Tables  47-24  and  47-25.  Plots  of  these  profiles 
are  presented  in  Figures  47-6  through  47-11.   If  the  Run  47B  temperature 
profiles  are  compared  with  those  from  Run  39,  it  is  obvious  that  some 
catalyst  deactivation  has  occurred.  The  location  of  the  peak  tempera- 
ture in  the  catalyst  bed  had  shifted  approximately  1-1/2  feet  down  the 
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tube,  and  the  width  of  the  Run  47B  temperature  profiles  are  much  greater 
than  those  for  Run  39.   The  cause  of  the  catalyst  deactivation  has  not 
yet  been  determined,  since  the  catalyst  has  not  been  analyzed.  Samples 
of  the  catalyst  from  both  the  MTR  and  the  STR  have  been  sent  to  the 
catalyst  licensor  who  retains  the  sole  authority  to  analyze  the  material. 

4.4    PROBLEMS 

4.4.1  Fresh  Acceptor  Feed  Line 

While  feeding  reconstituted  acceptor  to  the  system,  the  feed 
line  plugged  in  both  Runs  47A  and  47B.   During  Run  47A  the  acceptor  make- 
up feed  line  became  so  severely  plugged  that  a  special  air  lance  rod-out 
device  had  to  be  devised  to  clear  the  line.  The  device  worked  well  and 
the  line  was  cleared.  All  other  plugging  problems  were  resolved  by 
techniques  such  as  tapping  on  the  makeup  feed  line.  The  physical  char- 
acteristics of  fresh  reconstituted  acceptor  are  such  that  it  is  much  more 
susceptible  to  attrition  than  fresh  limestone. 4  Broken  acceptor  shells 
and  fines  caused  the  line  blockages.  However,  this  was  not  a  problem  " 
once  it  was  learned  how  to  deal  with  it.  A  low  purge  rate  below  the 
F-206  acceptor  feeder  was  noted  in  both  instances  of  plugging:  when  this 
purge  rate  was  maintained  at  a  higher  level,  no  further  plugging  prob- 
lems  developed.  r 

4.4.2  Deposits 

inc   /5terDRT-47A  and  4?B'  maj°r  Pilot  Plant  vessels  and  piping  were 
inspected.  Both  inspections  revealed  the  regenerator  to  be  clean  and 
tree  of  deposits. 

The  calcined  acceptor  transfer  line  was  also  completely  clear 
As  m  Run  46,  two  steps  were  taken  in  this  run  to  guard  against  the 
tormation  of  calcium  carbonate  scale  in  this  line:   (1)  a  continuous 
nitrogen  purge  was  introduced  into  the  line  through  the  gas  stripping 
section  that  was  installed  in  the  upper  section  of  the  line  before  Run 
7hA  f $   i  }  ^   re«enerator  was  operated  10°  to  20°F  hotter  than  in  pre- 
vious Velva  lignite  runs.   It  was  not  determined  which  of  these  small 
changes  may  be  predominantly  responsible  for  the  elimination  of  the  lime 
scale;  however,  it  suffices  to  note  that  a  potentially  serious  process 
problem  has  been  completely  eliminated. 

Inspection  of  the  gasifier  after  Run  47A  revealed  a  relatively 

llTZnTl'f   thWVT  mtn°l   deP°sits  were  f0«nd  on  the  west  and  north- 
east walls  of  the  boot.   Both  deposits  were  about  1/4-  to  1/2-inch  thick 


lenerallv  be  thl  I       r6C°nStltuJted  accePt°r  tested  in  Run  47  but  may  not 

conditionf'   ^Pr°V^  meth°dS  °f  pr°CeSS  COntro1  and  ^uin 
operating  conditions  could  yield  a  superior  reconstituted  acceptor 
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4  inches  wide  and  2  feet  high.   The  deposits  tended  to  smooth  out 
minor  irregularities  in  the  boot  refractory  surface.   The  deposits 
provided  no  obstruction  to  the  acceptor  flow  through  the  boot  and  may 
not  have  formed  at  all  had  the  surface  of  the  boot  refractory  been 
smoother. 

Two  other  deposits  were  found  which  originated  in  the  gasifier. 
The  first  deposit  was  found  covering  the  inlet  to  the  recarbonated  ac- 
ceptor standleg.  This  6-inch  by  4-inch  by  2-inch  deposit  was  composed 
mainly  of  agglomerated  dead-burned  dolomite  with  traces  of  fresh  lime- 
stone mixed  in.  There  was  no  spherically  shaped  particles  to  indicate 
the  presence  of  reconstituted  acceptor  in  the  deposit.  The  origin  of 
the  deposit  is  unknown.  However,  the  shape  of  the  deposit  indicates 
that  it  may  have  formed  in  the  transition  section  between  the  side  flow 
distributor  ring  gas  inlet  line  and  the  refractory  wall.  Presumably, 
during  the  plant  shutdown  the  deposit  was  dislodged  and  fell  into  the 
boot. 

A  tooth-shaped  deposit  which  was  5-  to  6- inches  in  diameter  and 
7 -inches  long  was  found  on  top  of  the  recarbonated  acceptor  flow  control 
valve,  LCV-2003.  This  deposit  appears  to  have  formed  in  a  small  nonflu- 
idized  area  below  the  boot  gas  distributor  and  between  the  inlets  to  the 
recarbonated  acceptor  standleg,  CD-204,  and  the  gasifier  dump  hopper, 
F-213.  Apparently,  it  broke  loose  and  fell  into  the  recarbonated  acceptor 
standleg,  plugged  the  line  and  caused  the  termination  of  the  run. 

The  deposit  appeared  visually  to  be  composed  of  acceptor  fines. 
The  analysis  in  Table  47-21  confirms  this.  To  avoid  a  reoccurrence  of 
this  deposit  formation,  a  metal  cone  was  attached  below  the  boot  gas 
distributor  prior  to  Run  47B,  thus  eliminating  the  nonfluidized  dead 
area. 

After  Run  47B  two  major  deposits,  one  in  the  gasifier  transition 
section  and  the  other  in  the  gasifier  boot  were  discovered. 

The  deposit  locations  are  shown  in  Figure  47-12.  The  transition 
section  deposit  was  composed  of  several  large  chunks  of  agglomerated 
acceptor.  This  deposit  did  not  adhere  to  anything  in  the  reactor  but 
rested  on  the  side  flow  gas  distributor  ring.  The  deposit  formed  after 
the  recarbonated  acceptor  standleg  plugged  during  the  upset  which  ter- 
minated the  run.  When  the  standleg  plugged,  the  char-acceptor  inter- 
face rose  into  the  gasifier  transition  section.  The  acceptor  particles 
defluidized  and,  as  expected,  eventually  agglomerated.  The  transition 
section  deposit  is  not  of  major  concern,  since  it  formed  as  a  result  of 
upset  conditions. 

The  gasifier  boot  deposit  is  of  serious  concern  since  its  for- 
mation directly  resulted  in  the  termination  of  the  run.  The  run  ended 
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when  a  portion  of  the  deposit  was  pushed  off  a  boot  pressure  probe 
during  an  attempt  to  clear  the  probe.  The  deposit  fell  into  the  re- 
carbonated  acceptor  standleg  and  plugged  the  line. 

The  boot  deposits  formed  on  the  lower  walls  mainly  in  the  south- 
east and  northwest  quadrants  and  extended  2  to  3  feet  above  the  boot 
gas  distributor.  The  deposits  were  hard  and  dense  and  appeared  to  be 
made  of  very  fine  materials.   The  composition  of  the  deposit,  Table  47-21, 
indicates  that  the  deposit  is  mainly  coal  ash.  Scanning  electron  micro- 
scope studies  which  were  carried  out  in  Continental  Oil  Company's  re- 
search facilities  in  Ponca  City,  Oklahoma,  confirmed  that  the  deposit 
was  mostly  fused  coal  ash.  The  deposit  apparently  formed  due  to  the 
combustion  of  the  small  amount  of  char  fines  which  are  dragged  down 
into  the  boot  with  the  recarbonated  acceptor  and  the  char  particles 
which  adhere  to  the  acceptor  particles  as  a  thin  film  of  dust.  The 
most  likely  source  of  oxygen  to  sustain  combustion  is  air  leakage  up 
the  recarbonated  acceptor  standleg  from  the  engager  pot,  F-222.  Op- 
erating the  standleg  at  a  lower  differential  pressure  should  eliminate 
the  air  leakage  problem. 
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FUTURE  PLANS 


Run  47B  was  the  last  scheduled  run  for  the  Rapid  City  Pilot 
Plant  operation.   In  view  of  the  progress  achieved  here,  the  next  step 
toward  commercial  utilization  would  be  a  larger  scale  (15  to  20  fold) 
demonstration  of  the  CO  Acceptor  Process.   A  commercial  plant  of 
optimum  size  would  produce  250  billion  BTU's  of  pipeline  quality  gas 
per  day  and  require  a  dried  coal  feed  rate  of  almost  17,000  tons  per 
day.  Operating  a  600  to  1000  ton  per  day  plant  would  help  to  solve  most 
of  the  problems  of  commercial  scale-up  associated  with  most  any  plant 
of  this  size. 
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REFRACTORY  WALL > 


LARGE  LESS  DENSE  DEPOSITS 
MADE  OF  ACCEPTOR 


BOOT  GAS  DISTRIBUTOR 


CD-204  RECARBONATED 
ACCEPTOR  OUTLET 


BED 


TRANSITION 


SK" 


SIDE  FLOW  DISTRIBUTOR 
RING 


BOOT  (18"  ID) 


VERY  D£NSE  FINES 

DEPOSITS.   SOLID  ON 

WALL 


BOTTOM  HEAD  FLANGE 


UAD-206  OUTLET 
TO  F-213  DUMP  HOPPER 


Figure  47-12.   GASIFIER  DEPOSIT  LOCATIONS,  RUN  47B 
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Hazen 

Velva 

Lignite 

Reconstituted 

Acceptor 

Run  47A 

Run  47B 

Screen  Size,  Wt  % 

Tyler  Mesh 

+20 

18.9 

21.3 

20  X  48 

57.9 

59.4 

48  X  100 

15.7 

14.0 

-100 

7.5 

5.3 

Ultimate  Analysis,  Wt  % 

Moisture 

4.04 

4.66 

C 

63.59 

61.19 

H  (Total  in  Coal  and 

Moisture) 

4.54 

5.01 

S 

0.85 

0.75 

N 

0.38 

0.50 

Ash  +  S03 

6.21 

9.98 

Elemental  Analysis,  Wt  % 

Si02 

5.25 

15.37 

17.38 

S03 

2.21 

9.76 

6.75 

Na20 

0.54 

0.60 

2.00 

CaO 

83.98 

44.93 

45.50 

MgO 

2.70 

9.84 

12.86 

K20 

0.37 

0.37 

0.23 

A1203 

2.50 

12.55 

10.88 

Fe203 

1.42 

5.02 

4.18 

P2°S 

0.07 

0.20 

0.12 

Ti02 

0.31 

0.56 

0.21 

Table  47-5.   FEEDSTOCK  COMPOSITES,  RUN  47A  AND  47B 
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From 

TO 

Date 

9/29/77 

10/1/77 

Time 

1200 

0710 

Gasifier 

Lignite  Feed 

Boot  Heater  Outlet 
Boot  Inlet  Gas 

Side  Flow  Heater  Outlet 


TE-2215/2216 

TE-2058 
TE-2040 

TE-2057 


Temperatures ,  F 


360 

1480^-1500^ 
1440L  J-1450('  J 


1470 


Regenerator 

Air  Heater  Outlet 

Air  Inlet  to  Regenerator 

Acceptor  Lift  Gas  Heater  Outlet 
Lift  Gas  Temperature  at  Engager  Pot 

Char  Lift  Gas  Heater  Outlet 

Char  Lift  Station  Gas  Temperature 

Char  Disengager  Pot  Temperature 


TE-2047 

810 

TE-2026 

740 

TE-2050 

810 

TE-20I3 

786 

TE-2054 

795 

TE-2041 

760 

TE-2028 

526 

Ci) 

(2) 


Temperatures  until  9/30/77  0800 
Temperatures  after  9/30/77  0800 


Table  47-20.   BALANCE  PERIOD  AVERAGE  PREHEAT  TEMPERATURES,  RUN  47B 
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Tooth -Shaped 
Deposits 

Wall 
Deposits 

Run  47A 

Run  47B 

%  Calcine 

We: 

Lght  Change 

-16.21 

-11.55 

Elemental 

Analysis, 

Wt  % 

Si02 

8.61 

26.73 

S03 

1.30 

2.43 

Na20 

0.74 

0.89 

CaO 

80.62 

47.92 

MgO 

4.15 

5.44 

K20 

0.16 

0.17 

A1203 

2.06 

9.72 

Fe203 

1.74 

5.03 

P2O5 

0.07 

0.20 

Ti02 

0.30 

0.43 

Table  47-21.   GASIFIER  BOOT  DEPOSIT  ANALYSES,  RUNS  47A  AND  47B 
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Date 

Time 

[1]  Carbonate  lower 

Heed  lias,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H-,  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H2O 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

[2]*Metharator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (1) 
Temperature,  °F  (2) 
Temperature,  °F  .  (3) 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N9  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 

HHV,  Btu/SCF  (Dry) 

[3]  P.ecyci.e  "(ate 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO,  (Dry) 

H20 

MW  (Wet) 
FD-iV,  Btu/SCF  (Dry) 

[7]  Adiabatic  Reactor 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  CDry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

[6]  Water  Collected,  lb/hr 
[8]  Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 
[10]  Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 
Dowtherm,  °F 


~- 

9/28/ 

77 

■-=■- 

9/29/77 

1200 

1500 

1600 

1800 

2000 

2200 

0000 

26,168 

26,126 

26,519 

26,224 

27,455 

26,952 

26,951 

25,944 

25,920 

26,310 

25,985 

27,244 

26,750 

26,750 

108 

105 

105 

110 

105 

104 

104 

127 

127 

127 

127 

130 

130 

130 

56. SO 

55.70 

56.70 

55.90 

56.10 

56.70 

56.30 

5.60 

5.10 

4.80 

6.10 

5.50 

5.70 

5.10 

16.70 

15.90 

16.20 

15.50 

15.90 

16.10 

16.70 

9.70 

11.20 

11.20 

11.40 

14.20 

11.20 

11.80 

11.50 

12.10 

11.10 

11.10 

8.30 

10.30 

10.10 

0.86 

0.79 

0.79 

0.91 

0.77 

0.75 

0.75 

14.04 

14.16 

13.74 

13.93 

13.09 

13.61 

13.61 

335 

345 

349 

346 

376 

349 

355 

15,341 

15,792 

17,142 

17,170 

17,497 

17,435 

17,517 

14,173 

14,590 

15,838 

15,864 

16,197 

16,310 

16,386 

623 

611 

611 

580 

590 

590 

600 

514 

510 

506 

497 

503 

504 

505 

472 

478 

4  75 

467 

478 

474 

465 

106 

106 

106 

107 

107 

107 

107 

61.31 

60.87 

61.08 

60.02 

60.28 

59.16 

58.95 

6.16 

5.59 

5.89 

6.85 

6.18 

8.45 

7.85 

18.79 

17.81 

17.58 

17.38 

17.73 

17.69 

17.89 

10.61 

12.55 

12.09 

12.47 

12.77 

11.83 

12.43 

3.13 

3.21 

3.35 

3.27 

3.04 

2.88 

2.88 

7.61 

7.61 

7.61 

7.61 

7.43 

6.46 

6.46 

11.  al 

11.72 

11.74 

11.94 

11.80 

12.09 

12.07 

366 

381 

376 

376 

381 

368 

374 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

124 

126 

126 

129 

129 

133 

139 

150 

ISO 

ISO 

150 

160 

160 

170 

2.15 

4.34 

2.80 

2.56 

2.75 

2.63 

2.19 

12.99 

15.00 

17.02 

14.86 

12.61 

15.23 

15.45 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

80.86 

77.59 

76.28 

78.28 

80.26 

78.68 

77.77 

4.00 

2.47 

3.90 

4.30 

4.37 

3.47 

4.59 

0.43 

0.44 

0.44 

0.43 

0.43 

0.40 

0.40 

18.41 

17.99 

18.77 

18.66 

18.39 

18.46 

18.87 

824 

800 

779 

799 

820 

803 

793 

6,306 

6,450 

6,762 

6,751 

6,952 

7,026 

7,026 

6,279 

6,421 

6,732 

6,722 

6,922 

6,993 

6,997 

80 

81 

81 

80 

80 

78 

78 

105 

105 

105 

105 

105 

105 

105 

2.15 

4.34 

2.80 

2.56 

2.75 

2.63 

2.19 

12.99 

15.00 

17.02 

14.86 

12.61 

15.23 

15.45 

0.00 

0.S9 

0.00 

0.00 

0.00 

0.00 

0.00 

80.86 

77.59 

76.28 

78.28 

80.26 

78.68 

77.77 

4.00 

2.47 

3.90 

4.30 

4.37 

3.47 

4.59 

0.43 

0.44 

0.44 

0.43 

0.43 

0.40 

0.40 

18.41 

17.99 

18.77 

18.66 

18.39 

18.46 

18.87 

824 

800 

779 

799 

820 

803 

793 

206 

217 

213 

208 

228 

210 

219 

56,600 

56,500 

56,400 

56,500 

56,300 

56,200 

57,300 

530 

535 

538 

535 

545 

548 

493 

553 

SS6 

556 

555 

559 

552 

526 

1,139 

1,253 

1,135 

1,069 

1,700 

2,759 

2,877 

347 

330 

360 

200 

420 

540 

422 

*Gas  Composition  for  Stream  2,  temperature  and  pressure  values  for  Stream  4  (the  location  of  the  flow 
measuring  orifices). 

(1)  Temperatures  at  flow  measuring  orifice. 

(2)  Temperatures  of  gas  at  reactor  inlet. 

(3)  Temperatures  of  reactor  effluent- 
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Date 

Time 

[1]  Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO 2  (Dry) 

H2° 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

[2]*Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (1) 
Temperature,  °F  (2) 
Temperature,  °F  (3) 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  CDry) 

CH4  (Dry) 

C02  (Dry) 

H^ 

MW  CWet) 
FHV,  Btu/SCF  (Dry) 

[3]  Recycle  Rate 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

[7]  Adiabatic  Reactor 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  CDry) 

CO  CDry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  CWet) 
HHV,  Btu/SCF  (Dry) 

[6]  Water  Collected,  lb/hr 
[8]  Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 
[10]  Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 
Dowtherm,  °F 

*Gas  composition  for  Stream  2,  temperature  and  pressure  values  for  Stream  4  (the  location  of  the  flow 
measuring  orifice). 

(1)  Temperatures  at  flow  measuring  orifice. 

(2)  Temperatures  of  gas  at  reactor  inlet. 

(3)  Temperatures  of  reactor  effluent. 
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0200 

0400 

0600 

—  9/29/77- 
0800 

1000 

1200 

=»- 

1400 

27,059 

26,828 

26,983 

26,975 

26,724 

26,686 

26,747 

26,863 

26,633 

26,781 

26,774 

26,530 

26,503 

26,553 

103 

103 

104 

104 

103 

101 

103 

130 

130 

130 

130 

130 

130 

130 

56.50 

55.90 

56.30 

56.50 

55.90 

55.50 

56.10 

5.00 

5.40 

5.80 

5.80 

6.60 

6.90 

5.50 

16.80 

16.50 

16.20 

16.50 

15.50 

15.50 

15.70 

11.80 

11.80 

11.80 

11.30 

11.30 

11.40 

11.60 

9.90 

10.40 

9.90 

9.90 

10.70 

10.70 

11.10 

0.73 

0.73 

0.75 

0.75 

0.73 

0.68 

0.73 

13.53 

13.76 

13.58 

13.59 

13.87 

13.96 

13.85 

356 

353 

354 

350 

345 

345 

349 

17,712 

17,206 

17,554 

17,483 

17,648 

17,421 

18,115 

16,568 

16,095 

16,301 

16,235 

16,299 

16,090 

16,730 

600 

600 

600 

600 

600 

600 

600 

509 

510 

512 

512 

511 

510 

513 

46  7 

467 

465 

465 

464 

463 

470 

107 

107 

107 

107 

107 

107 

107 

60.04 

59.82 

59.38 

60.00 

60.04 

60.39 

60.80 

5.74 

6.01 

6.75 

7.04 

7.27 

6.69 

6.13 

18.50 

18.24 

17.84 

17.79 

17.36 

17.41 

17.49 

12.66 

12.73 

12.80 

12.16 

12.41 

12.58 

12.66 

3.07 

3.21 

3.23 

3.02 

2.93 

2.92 

2.91 

6.46 

6.46 

7.14 

7.14 

7.64 

7.64 

7.64 

11.81 

11.87 

12.02 

11.91 

11.89 

11.79 

11.68 

382 

381 

379 

374 

376 

379 

381 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

135 

135 

135 

139 

138 

137 

134 

170 

160 

165 

165 

165 

165 

165 

2.42 

2.27 

2.37 

2.49 

2.70 

2.69 

2.90 

14.83 

14.50 

14.71 

15.31 

17.78 

16.67 

16.18 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

78.34 

78.40 

77.89 

78.03 

76.62 

77.74 

77.62 

4.42 

4.83 

5.03 

4.17 

2.90 

2.89 

3.30 

0.38 

0.38 

0.39 

0.39 

0.39 

0.38 

0.35 

18.71 

1-8.81 

18.88 

18.69 

18.60 

18.47 

18.49 

799 

799 

794 

796 

783 

794 

793 

6,955 

7,049 

6,956 

6,990 

6,969 

6,926 

7,349 

6,929 

7,023 

6,929 

6,963 

6,942 

6,899 

7,323 

76 

76 

77 

77 

77 

76 

74 

105 

105 

105 

105 

105 

105 

105 

2.42 

2.27 

2.37 

2.49 

2.70 

2.69 

2.90 

14.83 

14.50 

14.71 

15.31 

17.78 

16.67 

16.18 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

78.34 

78.40 

77.89 

78.03 

76.62 

77.74 

77.62 

4.42 

4.83 

5.03 

4.17 

2.90 

2.89 

3.30 

0.38 

0.38 

0.39 

0.39 

0.39 

0.38 

0.35 

18.71 

18.81 

18.88 

18.69 

18.60 

18.47 

18.49 

799 

799 

794 

796 

783 

794 

793 

220 

213 

219 

219 

217 

218 

226 

57,100 

14,300 

14,300 

14,300 

14,300 

14,400 

14,200 

503 

505 

500 

500 

495 

485 

510 

536 

533 

528 

530 

542 

559 

534 

2,053 

2,028 

2,045 

2,084 

846 

0 

2,240 

450 

405 

420 

400 

265 

130 

365 

[1] 


Date 

Time 

Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature ,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 


CO 

CDry) 

CH4 

(Dry) 

CO  2 

:  CDry) 

H2C 
MW 

i 
(Wet) 

HHV, 

Btu/SCF  (Dry) 

[2] 

•Methanator  Feed 

Feed 

Gas,  SCFH 

(Wet) 

Feed 

Gas,  SCFH 

(Dry) 

-«£ 

1600 

9/29/77 

1800       2000 

=»- 

2200 

9/30/77 
0000       0200 

26,769 

28,576 

29,173 

29,368 

29,591 

29,200 

26,607 

28,413 

28,980 

29,185 

29,401 

29,006 

97 

95 

100 

98 

99 

100 

130 

130 

130 

130 

130 

130 

55.50 

55.10 

56.90 

56.50 

56.90 

56.30 

6.50 

6.50 

5.30 

5.00 

5.10 

5.00 

15.80 

15.10 

15.30 

16.10 

16.40 

16.30 

11.40 

11.40 

11.80 

11.60 

11.60 

11.40 

10.80 

11.90 

10.70 

10.80 

10.00 

11.00 

0.61 

0.57 

0.66 

0.62 

0.64 

0.66 

13.97 

14.25 

13.55 

13.69 

13.46 

13.80 

346 

342 

353 

352 

354 

350 

18,571 

22,255 

22,686 

22,047 

22,253 

21,113 

17,180 

20,601 

21,099 

20,492 

20,684 

19,531 

605 

605 

620 

630 

630 

630 

520 

533 

537 

541 

549 

551 

470 

486 

495 

499 

505 

507 

107 

105 

105 

105 

105 

105 

59.76 

59.58 

60.57 

60.22 

61.18 

60.30 

7.48 

7.46 

6.07 

5.97 

6.03 

5.86 

17.29 

16.83 

17.09 

17.81 

16.85 

17.98 

12.23 

12.60 

12.84 

12.65 

12.56 

12.42 

3.24 

3.53 

3.44 

3.34 

3.37 

3.43 

7.49 

7.43 

7.00 

7.05 

7.05 

7.49 

12.02 

12.06 

11.75 

11.84 

11.63 

11.89 

373 

374 

381 

380 

379 

379 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

132 

136 

147 

141 

141 

139 

165 

160 

160 

160 

160 

170 

2.90 

3.30 

3.69 

3.49 

3.60 

3.50 

17.28 

16.88 

13.26 

13.37 

13.80 

13.11 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

75.62 

75.82 

78.86 

78.54 

77.70 

78.18 

4.20 

4.00 

4.19 

4.59 

4.90 

5.21 

0.39 

0.52 

0.52 

0.44 

0.50 

0.44 

18.87 

18.71 

18.28 

18.44 

18.56 

18.57 

773 

777 

808 

805 

796 

801 

7,366 

8,542 

8,642 

8,460 

8,355 

8,010 

7,337 

8,498 

8,598 

8,423 

8,313 

7,975 

77 

85 

85 

80 

84 

80 

105 

102 

102 

102 

102 

102 

2.90 

3.30 

3.69 

3.49 

3.60 

3.50 

17.28 

16.88 

13.26 

13.37 

13.80 

13.11 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

75.62 

75.82 

78.86 

78.54 

77.70 

78.18 

4.20 

4.00 

4.19 

4.59 

4.90 

5.21 

0.39 

0.52 

0.52 

0.44 

0.50 

0.44 

18.87 

18.71 

18.28 

18.44 

18.56 

18.57 

773 

777 

808 

805 

796 

801 

256 

287 

273 

278 

277 

267 

14,300 

14,300 

14,200 

14,200 

14,200 

14,100 

498 

505 

515 

520 

523 

530 

529 

539 

548 

548 

558 

563 

1,911 

2,315 

2,901 

2,298 

2,324 

2,372 

375 

375 

500 

440 

440 

410 

Temperature,  °F  CI) 
Temperature,  °F   (2) 
Temperature,  °F  (3) 
Pressure,  Psig 
Compositions,  Mol  % 

H2  CDry) 

N2  CDry) 

CO  CDry) 

CH4  CDry) 

C02  CDry) 

H20 

MW  CWet) 
HHV,  Btu/SCF  (Dry) 

[3]  Recycle  Rate 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  CDry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  CDry) 

N2  CDry) 

CO  CDry) 

CH4  CDry) 

C02  CDry) 

H20 

MW  CWet) 
HHV,  Btu/SCF  CDry) 

[7]  Adlabatic  Reactor 

Feed  Gas,  SCFH  CWet) 
Feed  Gas,  SCFH  CDry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  CDry) 

N2  CDry) 

CO  CDry) 

CH4  CDry) 

C02  CDry) 

H20 

MW  CWet) 
HHV,  Btu/SCF  CDry) 

[6]  Water  Collected,  lb/hr 
[8]  Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 
[10]  Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 
Dowtherm,  °F 

•Gas  composition  for  Stream  2,  temperature  and  pressure  values  for  Stream  4  (the  location  of  the  flow 
measuring  orifice) . 

(1)  Temperatures  at  flow  measuring  orifice. 

(2)  Temperatures  of  gas  at  reactor  inlet. 

(3)  Temperatures  of  reactor  effluent. 
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Date 


-9/30/77 


Time 

[1]  Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 


0400 


0600 


0800 


1000 


1200 


1400 


H, 

(Dry) 

N; 

(Dry) 

CO 

(Dry) 

CH4 

(Dry) 

co2 

(Dry) 

H20 

MW 

(Wet) 

HHV, 

Btu/SCF 

(Dry) 

[2]*Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (1) 
Temperature,  °F  (2) 
Temperature,  °F  (3) 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N,  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Recycle  Rate 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 
H2  (Dry) 


[3] 


[7] 


[6] 
[8] 


[10] 


N2  (Dry) 
CO  (Dry) 
CH4 

co2 

H->0 


(Dry) 
(Dry) 


MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Adiabatic  Reactor 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N,  (Dry) 

CO  (Dry) 


CH4 
CO, 


(Dry) 
(Pry) 


H20 
MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Water  Collected,  lb/hr 

Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 

Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 
Dowtherm,  °F 


29,246 

29,300 

29,153 

29,307 

29,080 

29,294 

29,052 

29,099 

28,941 

29,101 

28,887 

29,100 

100 

101 

103 

102 

100 

100 

130 

130 

130 

130 

130 

130 

56. SO 

56.70 

56.50 

56.61 

56.70 

56.73 

4.70 

4.80 

5.30 

5.11 

5.00 

5.48 

16.00 

16.20 

16.20 

15.93 

16.10 

15.65 

11.60 

11.40 

11.10 

11.62 

11. SO 

11.17 

11.20 

10.90 

10.90 

10.72 

10.70 

10.97 

0.66 

0.68 

0.73 

0.70 

0;66 

0.66 

13.76 

13.68 

13.77 

13.65 

13.64 

13.71 

352 

351 

347 

352 

352 

347 

21,171 

21,123 

21,674 

21,781 

22,301 

22,308 

19,553 

19,541 

20,051 

20,150 

20,631 

20,637 

630 

635 

635 

635 

635 

635 

552 

554 

554 

556 

558 

557 

508 

511 

510 

502 

511 

516 

105 

105 

105 

105 

105 

105 

60.36 

60.55 

61.00 

61.28 

60.94 

61.08 

5.66 

5.58 

5.91 

5.79 

5.90 

6.00 

17.80 

18.15 

17.52 

17.17 

17.40 

17.17 

12.84 

12.37 

12.32 

12.60 

12.61 

12.50 

3.34 

3.35 

3.26 

3.15 

3.15 

3.25 

7.64 

7.49 

7.49 

7.49 

7.49 

7.49 

11.83 

11.83 

11.71 

11.60 

11.68 

11.67 

382 

379 

378 

381 

381 

379 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

142 

143 

140 

142 

143 

142 

-  160 

160 

165 

165 

165 

165 

3.87 

3.96 

3.87 

4.06 

4.27 

4.39 

12.93 

12.58 

14.48 

13.30 

13.02 

14.87 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

79.12 

78.80 

77.17 

79.49 

79.04 

77.35 

4.07 

4.67 

4.49 

3.15 

3.66 

3.39 

0.47 

0.46 

0.44 

0.43 

0.47 

0.44 

18.19 

18.30 

18.48 

17.95 

18.03 

18.15 

812 

809 

792 

816 

812 

795 

7,987 

8,017 

8,123 

8,157 

8,371 

8,478 

7,949 

7,980 

8,087 

8,122 

8,331 

8,441 

82 

81 

80 

79 

82 

80 

102 

102 

102 

102 

102 

102 

3.87 

3.96 

3.87 

4.06 

4.27 

4.39 

12.93 

12.58 

14.48 

13.30 

13.02 

14.87 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

79.12 

78.80 

77.17 

79.49 

79.04 

77.35 

4.07 

4.67 

4.49 

3.15 

3.66 

3.39 

0.47 

0.46 

0.44 

0.43 

0.47 

0.44 

18.19 

18.30 

18.48 

17.95 

18.03 

18.15 

812 

809 

792 

816 

812 

795 

268 

273 

274 

281 

281 

296 

14,100 

14,100 

14,100 

14,200 

14,200 

14,100 

530 

534 

535 

515 

525 

533 

563 

566 

S63 

550 

560 

566 

2,344 

2,322 

2,341 

2,311 

2,338 

2,365 

422 

420 

415 

420 

420 

380 

'melsKlrmcer  ^^  ''   temPerature  and  P""»™  values  for  Stream  4   (the  location  of  the  flow 

(1)  Temperatures  at   flow  measuring  orifice. 

(2)  Temperatures  of  gas  at  reactor  inlet. 

(3)  Temperatures  of  reactor  effluent. 
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Date 
Time 
]  Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 
)*Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (l) 
Temperature,  °F  (2) 
Temperature.  °F  (31 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO,  (Dry) 

H26 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 
STR  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dryl 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 
Recycle  Rate 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,   F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 


N2  (Dry) 
CO  (Dry) 
CH4 
CO, 


(Dry) 
(Dry) 


^E- 

—  9/30/77- 

3»- 

"*^ 

—  10/1/77- 

*- 

1800 

2000 

2200 

0000 

0200 

0400 

0600 

0700 

29,256 

29,135 

29,408 

28.93S 

29,205 

29,374 

29,296 

29,170 

29,068 

28,947 

29,213 

28,743 

29,029 

29, 196 

29,124 

28,999 

99 

99 

100 

100 

97 

97 

96 

96 

130 

130 

130 

130 

130 

130 

130 

130 

56.50 

56.31! 

56.90 

SS.90 

56.30 

56.50 

56.50 

56.30 

S.40 

5.30 

4.90 

5. SO 

5.70 

S.80 

S.50 

5.50 

15.90 

15.80 

16.40 

16.30 

16.20 

16.40 

16.60 

16.20 

11.20 

11.20 

11.20 

10.80 

10.80 

10.90 

10.60 

10.70 

11.00 

11.4(1 

10.60 

11.50 

11.00 

10.40 

10.80 

10.30 

0.6-1 

0.64 

0.66 

0.66 

0.61 

0.61 

0.S9 

0.59 

13.77 

13.89 

13.60 

14.05 

13.87 

13.71 

13.81 

13.93 

347 

346 

350 

34  3 

343 

346 

343 

342 

51,780 

54,775 

54,470 

56,609 

55,929 

54,870 

S4.492 

54,862 

49,760 

S3, 399 

53,106 

55,047 

54,218 

53,148 

S2.838 

53,159 

635 

615 

640 

560 

560 

550 

550 

550 

614 

558 

541 

5  30 

528 

S31 

534 

534 

566 

561 

560 

536 

55S 

556 

561 

S61 

92 

94 

94 

93 

91 

90 

90 

90 

19.49 

19.74 

19.40 

21.46 

23.22 

23.35 

22.90 

23.80 

12.64 

12.47 

11.96 

11.85 

12.03 

12.20 

12.40 

11.96 

5.01 

5.10 

S.19 

5.73 

6.09 

6.28 

6.24 

6.37 

59.49 

S9.26 

59.56 

56.87 

54.29 

S4.00 

53.74 

53.39 

3.36 

3.43 

3.90 

4.09 

4.38 

4.17 

4.72 

4.48 

3.90 

2.51 

2.50 

2.76 

3.06 

3.14 

3.03 

3.10 

16.43 

16.38 

16.50 

16.33 

16.24 

16.20 

16.43 

16.21 

680 

679 

681 

662 

643 

641 

637 

637 

1,023 

1,067 

1,279 

1,321 

1,297 

1,287 

1,283 

1,292 

983 

1,040 

1,24  7 

1,285 

1,257 

1,247 

1,244 

1,252 

614 

558 

541 

533 

529 

S32 

534 

534 

82 

81 

82 

82 

82 

82 

83 

83 

19.49 

19.74 

19.40 

21.46 

23.22 

23.35 

22.90 

23.80 

12.64 

12.47 

11.96 

11.85 

12.03 

12.20 

12.40 

11.96 

5.01 

5.10 

5.19 

S.73 

6.09 

6.28 

6.24 

6.37 

59.49 

59.26 

59.56 

56.87 

54.29 

54.00 

53.74 

S3. 39 

3.36 

3.43 

3.90 

4.09 

4.38 

4.17 

4.72 

4.48 

3.90 

2.51 

2.50 

2.76 

3.06 

3.14 

3.03 

3.10 

16.43 

16.38 

16.50 

16.33 

16.24 

16.20 

16.43 

16.21 

680 

679 

681 

662 

643 

641 

637 

637 

36,125 

37,773 

37,835 

37,256 

35,180 

34,279 

34,318 

34,040 

35,278 

37,671 

37,717 

37,144 

35,028 

34,183 

34,225 

33,948 

240 

197 

199 

201 

196 

195 

194 

194 

165 

165 

165 

16S 

160 

160 

160 

160 

2.50 

2.40 

2.40 

2.50 

2.50 

2.49 

2.39 

2.70 

15.20 

IS. 23 

14.50 

14.47 

15.07 

15.52 

15.51 

15.22 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

78.90 

78.86 

78.90 

78.54 

77.54 

77.31 

76.64 

76.98 

3.40 

3.51 

4.20 

4.49 

4.89 

4.68 

5.47 

5.11 

2.34 

0.27 

0.31 

0.30 

0.29 

0.28 

0.27 

0.27 

18.45 

18.51 

18.61 

18.68 

18.86 

18.86 

19.09 

18.91 

805 

804 

80S 

801 

791 

789 

782 

786 

6,389 

6,770 

6,992 

7.53S 

7,708 

7,716 

7,637 

7,713 

6,239 

6,751 

6,970 

7,513 

7,685 

7,695 

7,616 

7,692 

126 

57 

61 

60 

58 

57 

56 

56 

72 

72 

72 

72 

69 

69 

69 

69 

2.50 

2.40 

2.40 

2.50 

2.50 

2.49 

2.39 

2.70 

15.20 

15.23 

14.50 

14.47 

15.07 

15.52 

15.51 

15.22 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

78.90 

78.86 

78.90 

78.54 

77.54 

77.31 

76.64 

76.98 

3.40 

3.51 

4.20 

4.49 

4.89 

4.68 

5.47 

S.ll 

2.34 

0.27 

0.31 

0.30 

0.29 

0.28 

0.27 

0.27 

18.45 

18.51 

18.61 

18.68 

18.86 

18.86 

19.09 

18.91 

805 

804 

80S 

801 

791 

789 

782 

786 

15,659 

17,007 

16,640 

19,358 

20,803 

20,596 

20,178 

20,827 

14,482 

15,728 

15,389 

17,903 

19,189 

18,966 

186,13 

19,211 

197 

197 

197 

197 

199 

200 

199 

199 

114 

114 

114 

114 

115 

115 

115 

115 

60.86 

61.23 

61.04 

60.79 

61.03 

60.94 

60.63 

61.06 

6.42 

5.87 

5.73 

6.42 

6.48 

6.21 

6.68 

6.22 

17.23 

17.31 

17.89 

17.62 

17.21 

17.60 

17.71 

17.64 

12.23 

12.35 

12.17 

11.91 

11.84 

12.00 

11.64 

11.72 

3.26 

3.24 

3.17 

3.26 

3.44 

3.26 

3.34 

3.36 

7.49 

7.49 

7.49 

7.49 

7.74 

7.89 

7.74 

7.74 

11.76 

11.65 

11.70 

11.81 

11.80 

11.79 

11.90 

11.80 

376 

379 

378 

37s 

373 

375 

371 

373 

234 

232 

253 

262 

269 

269 

263 

263 

14,500 

14,600 

14,600 

14,600 

14,600 

14,600 

14.S00 

14.S00 

S24 

S18 

515 

S14 

511 

S10 

525 

523 

553 

549 

548 

547 

545 

547 

553 

- 

1,130 

4,080 

4,110 

4,120 

4,160 

4,130 

4,110 

4,000 

481 

496 

49S 

495 

492 

495 

SOS 

502 

473 

495 

495 

495 

493 

495 

505 

502 

2,138 

1,830 

1,575 

1,739 

1,755 

1,743 

2,222 

1,902 

400 

375 

34  2 

340 

305 

330 

350 

440 

H20 

MW  (Wet) 
HHV,  Btu/SCF  (Dry) 
17]  Adiabatic  Reactor 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

C02  (Dry) 

H20 

MW  (Wet j 
HHV,  Btu/SCF  (Dry) 
[2]  Fresh  Methanator  Feed 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  Psig 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

Cil4  (Dry) 

C02  (Dry) 

H20 

Mw  (Wet) 
inrv,  Btu/SCF  (Dry) 
[6]  Water  Collected,  lb/hr 
[8]  Dowtherm  Circulation  Rate,  lb/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 
[9 J  Dowtherm  to  STR,  lb/hr 

Temperature  to  STR,  °F 
Temperature  from  STR,  °F 
[10]  Dowtherm  Condensed,  lb/hr 
Temperature  of  Condensed 

Dowtherm,  °F 

*Cas   composition   for  combined  Stream  2    and  3.      Temperature  and  pressure  for  Stream  4   (the  position  of  the  flow 
measuring  orifice). 

(1)  Temperature  at    'low  measuring  orifice. 

(2)  Temperature  of  MTR  Feed  Gas   at   reactor  inlet- 

(3)  Temperature  of  MTR  effluent. 
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Date 


9/28/77 


9/29/77 


9/30/77 


Time   Tube 


Distance  From  Bottom  of  Catalyst  Filled  Tube,  ft. -in. 
0-0   1-6   2-6   3-0   3-1   3-2   3-3   3-4   3-5   3-6   3-7   3-8   3-9   3-10   3-11 


4-0 


1205 

3 

536 

541 

563 

652 

1255 

7 

533 

545 

680 

2055 

7 

540 

552 

581 

706 

0£40 

7 

513 

517 

546 

666 

1720 

7 

524 

525 

752 

2225 

7 

542 

538 

747 

2225 

2 

545 

553 

742 

2225 

6 

550 

544 

652 

702 

755 

793 

823 

'  872 

0400 

3 

565 

586 

0400 

7 

556 

591 

0810 

7 

560 

5S6 

590 

757 

0820 

3 

567 

565 

588 

721 

2206 

7 

564 

559 

622 

686 

700 

707 

713 

711 

700 

690 

2215 

3 

S72 

572 

610 

665 

682 

689 

699 

696 

695 

691 

683 

678 

2224 

2 

557 

576 

627 

686 

690 

692 

681 

678 

677 

678 

669 

637 

876 


822 

831 

845 

867 

915 

811 

866 

886 

917 

917 

902 

6S2 

667 

625 

Distance  From  Bottom  of  Catalyst  Filled  Tube,  ft. -in. 


Date 

Time 

Tube 

4-1 

4-2   4-3   4-4 

4-S 

4-6 

4-7 

4-8 

4-9 

- — — — 

— — 

9/28/77 

1205 

3 

879 

877 

894 

898 

879 

12SS 

7 

850 

878   910 

907 

909 

898 

877 

2055 

7 

914 

893 

".''.? 

ss.°. 

85" 

840 

9/29/77 

0840 

7 

858 

883   895   867 

868 

866 

858 

840 

828 

1720 

7 

909 

857 

854 

830 

793 

2225 

7 

927 

938   933 

868 

861 

843 

802 

2225 

2 

823 

849 

850 

862 

814 

780 

2225 

6 

811 

760 

9/30/77 

0400 

3 

913 

876 

8S8 

873 

862 

0400 

7 

933 

877 

871 

845 

805 

0810 

7 

928 

941   934 

865 

865 

850 

81.J 

0820 

3 

907 

918   917 

873 

848 

868 

850 

2206 

7 

603 

2215 

3 

603 

2224 

2 

600 

Dowthenn  Circulation 

Reactor  In-Out  Dowtherm 

Date 

Time 
1205 

Tube 
3 

Rate,  lb/hr 

Temperature, 

oF 

9/28/77 

56,600 

530- 

-553 

1255 

7 

56,600 

530- 

-553 

2055 

7 

56,300 

545- 

•559 

9/29/77 

0840 

7 

14,300 

500- 

■531 

1720 

7 

14,300 

505- 

-539 

2225 

7 

14,200 

520- 

•545 

2225 

2 

14,200 

520- 

■545 

2125 

6 

14,200 

520- 

■545 

9/30/77 

0400 

3 

14.100 

530- 

•563 

0400 

7 

14,100 

530- 

•563 

0810 

7 

14,100 

535- 

•563 

0820 

3 

14,100 

535- 

■S63 

2206 

7 

14,600 

515- 

•348 

2215 

3 

14,600 

515- 

348 

2224 

2 

14,600 

515- 

348 

5-6   6-6   7-6 


789 

737   703 

623 

554 

821 

794   728 

614 

558 

7V) 

706 

612 

564 

760 

683 

563 

737 

646 

557 

744 

662 

578 

549 

707 

662 

557 

S50 

669 

558 

549 

773 

677 

620 

565 

739 

67S 

592 

561 

751 

676 

584 

563 

767 

675 

622 

567 

560 

546 

543 

561 

548 

543 

563 

S42 

541 
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